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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device 
which has a wide viewing angle characteristic and high display quality. 
SOLUTION: The liquid crystal display device includes a vertical 
alignment type liquid crystal layer 30 between a first substrate 10 and 
a second substrate 20. A picture element region is defined by the first 
electrode 12 of the first substrate 10 and a second electrode 22 
provided at the side of the liquid crystal layer 30 of the second 
substrate 20. The first substrate 10 has at least one first protrusion 
1 6 with an inclined side face at the side of the liquid crystal layer 30 
corresponding to each of a plurality of the picture element regions. 
Each liquid crystal layer 30 of the plurality of the picture element 
regions is in a substantially vertical alignment state under application 
of no voltage* and includes at least a part of a first liquid crystal 
domain placed in a radially- inclined alignment state around the first 
protrusion 16 under voltage application. Display is carried out by 
changing the alignment state of the liquid crystal layer 30 according to 
an applied voltage. 
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^ ^ NOTICES * ' 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.Thls document has been translated by computer. So the translation may not reflect the original 
precisely. ^ 
, 2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] With the 1st electrode which has the liquid crystal layer prepared between the 1st substrate, 
the 2nd substrate, and said 1st substrate and said 2nd substrate, and was prepared in said liquid crystal 
layer side of said 1st substrate, and the 2nd electrode prepared in said liquid crystal layer side of said 
2nd. substrate It has two or more picture element fields where each is specified. Said 1st substrate 
Corresponding to each of two or more of said picture element fields, it has 1st at least one heights 
which have the sloping side face in said liquid crystal layer side. Said two or more picture element fields, 
respectively said inner liquid crystal layer In electrical-potential^difference the condition of not 
impressing, take a perpendicular orientation condition substantially and it sets in the electrical- 
potential-difference impression condition. The liquid crystal display which displays when the orientation 
condition of said liquid crystal layer changes according to the impressed electrical potential difference 
including a part of 1st liquid crystal domain [ at least ] which takes the radial inclination orientation 
condition centering on said 1st at least one heights. 

[Claim 2] Said 1st at least one heights are liquid crystal displays of two or more of said picture element 
fields according to claim 1 currently formed inside, respectively. 

[Claim 3] Said 1st at least one heights are liquid crystal displays according to claim 2 which are two or 
more 1st heights and include two or more 1st liquid crystal domains of two or more picture element 
fields where, as for an inner liquid crystal layer, each takes a radial inclination orientation condition in an 
electrical-potential-difference impression condition, respectively. 

[Claim 4] It is the liquid crystal display according to claim 2 or 3 with which said 1st electrode has 1st at 
least one opening, and said 1st at least one heights are formed in said at least one 1st opening circles. 
[Claim 5] Said inner liquid crystal layer is set in the electrical-potential-difference impression condition, 
respectively. 2nd at least one heights which said two or more picture element fields boil said 2nd 
substrate, respectively, and correspond and have the sloping side face — said liquid crystal layer side - 
- having — said two or more picture element fields — The inclination direction of the liquid crystal 
molecule in said 1st liquid crystal domain including a part of 2nd liquid crystal domain [ at least ] which 
takes the radial inclination orientation condition centering on said 2nd at least one heights A liquid 
crystal display given in either of claims 2-4 which is following the inclination direction of the liquid 
crystal molecule in said 2nd liquid crystal domain. 

[Claim 6] Said 2nd electrode has 2nd at least one opening. Said two or more picture element fields, 
respectively said inner liquid crystal layer In an electrical-potential-difference impression condition, the 
inclination direction of the liquid crystal molecule in said 1st liquid crystal domain including the 2nd liquid 
crystal domain which takes the radial inclination orientation condition centering on said 2nd at least one 
opening A liquid crystal display given in either of claims 2-4 which is following the inclination direction of 
the liquid crystal molecule in said 2nd liquid crystal domain centering on said 2nd at least one opening. 
[Claim 7] It is the liquid crystal display according to claim 5 with which said 2nd electrode has 2nd at 
least one opening, and said 2nd at least one heights are formed in said at least one 2nd opening circles. 
[Claim 8] Said 2nd at least one heights are the liquid crystal displays containing two or more 2nd heights 
formed in each outside of two or more of said picture element fields according to claim 5 or 7. 
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[claim 9] The cross-section configuration where said 1st set plate surface of said 1st at least one 
heights was met is a liquid crystal display given in either of claims 1-8 which has symmetry-of^ 
revolution nature. 

[Claim 10] The cross-section configuration where said 1st set plate surface of said 1st at least one 
heights was met is a liquid crystal display according to^ claim 9 which is an approximate circle form. 
[Claim 11] The cross-section configuration where said 1st set plate surface of said 1st at least one 
heights was met is a liquid crystal display according to claim 9 which is the abbreviation cross-joint form 
prolonged along the 1st direction and the 2nd direction which carry out an abbreviation rectangular 
cross mutually. 

[Claim 12] It is the liquid crystal display according to claim 1 1 with which the polarizing plate of said pair 
is arranged by having further the polarizing plate of the pair prepared in the outside of said 1st substrate 
and said 2nd substrate so that one polarization shaft of the polarizing plate of said pair may become 
[ the polarization shaft of another side of the polarizing plate of said pair ] parallel to said 2nd direction 
in parallel with said 1st direction. 

[Claim 13] The configuration seen from [ of said 1st substrate of said 1st at least one opening ] the 
normal is a liquid crystal display according to claim 4 which has symmetry-of-revolution nature. 
[Claim 14] The cross-section configuration where said 2nd set plate surface of said 2nd at least one 
heights was met is a liquid crystal display given in either of claims 5, 7, and 8 which has symmetry-o1^ 
revolution nature. 

[Claim 15] The configuration seein from [ of said 2nd substrate of said 2nd at least one opening ] the 
normal is a liquid crystal display according to claim 6 or 7 which has symmetry-of-revolution nature. 
[Claim 16] It is a liquid crystal display given in either of claims 1-15 which is arranged so that said 1st at 
least one heights may be two or more 1st heights and a part of [ at least ] 1st heights of two or more of 
said 1st heights may have symmetry-of-revolution nature. 

[Claim 17] It is the liquid crystal display according to claim 4 arranged so that said 1st at least one 
opening may be two or more 1st openings and a part of [ at least ] 1st opening of two or more of said 
1st openings may have symmetry-of-revolution nature. 

[Claim 18] It is a liquid crystal display given in either of claims 5, 7, 8, and 14 which is arranged so that 
said 2nd at least one heights may be two or more 2nd heights and a part of [ at least ] 2nd heights of 
two or more of said 2nd heights may have symmetry-of-revolution nature. 

[Claim 19] It is a liquid crystal display given in either of claims 6, 7, and 15 which is arranged so that said 
2nd at least one opening may be two or more 2nd openings and a part of [ at least ] 2nd opening of two 
or more of said 2nd openings may have symmetry-of-revolution nature. 

[Claim 20] The include angle to the front face of said 1st substrate of said sloping side face of said 1st 
heights and/or said 2nd heights and/or said . 2nd substrate is a liquid crystal display given in 5-degree or 
more either of claims 1-19 which is 85 degrees or less. 

[Claim 21] It is a liquid crystal display given in either of claims 1-20 with which each of two or more of 
said picture element fields has two or more fields where the thickness of said liquid crystal layer differs 
mutually, either [ at least ] said 1st substrate or said 2nd substrate has the level difference section 
among said two or more fields, and said level difference section is covered with said 1st electrode or 
said 2nd electrode. 

[Claim 22] A part of [ at least ] 1st heights of said 1st at least one heights are liquid crystal displays 
according to claim 21 surrounded by said level difference section. 

[Claim 23] Each of two or more of said picture element fields has the transparency field which displays 
by the transparent mode, and the reflective field which displays in reflective mode by said 1st electrode 
having a transparent electrode and a reflector, and the thickness of said liquid crystal layer of said 
transparency field is a liquid crystal display given in larger either of claims 1-22 than the thickness of 
the liquid crystal layer of said reflective field. 

[Claim 24] It is a liquid crystal display given in either of claims 1-23 which are at least one 



-4. 



\ fcounterelectrode with which it is the. picture element electrode which said 1st substrate has further the 
active component prepared. corresponding to each of two or more of said picture element fields, and 
said 1st electrode is prepared for said two or more picture element fields of every, and is switched by 
said active component, and said 2nd electrode counters said two or more picture, element electrodes. 
[Claim 25] It is a liquid crystal display given in either of claims 1-23 which are at least one 
counterelectrode with which it is the picture element electrode which said 2nd substrate, has further the 
active component prepared corresponding to each of two or more of said picture element fields, and 
said 2nd electrode is prepared for said two or more picture element fields of every, and is switched by 
said active component, and said 1st electrode counters said two or more picture element electrodes. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] . 

[Field of the Invention] About a liquid crystal display, especially this invention has a wide-field-of-view 

angle property, and relates to the liquid crystal display which displays high display grace. 

[0002] 

[Description of the Prior Art] In recent years, the liquid crystal display of a thin light weight is used as a 
display used for the display of a personal computer, or the display of a Personal Digital Assistant device. 
However, it has the fault that the conventional twist nematic mold (TN mold) and a super twist nematic 
mold (STN.mold) liquid crystal display have a narrow, angle of visibility, and various ED is performed in 
order to solve it. 

[0003] There is a method which adds an optical compensating plate as a typical technique for improving 
the angle-of-visibi|ity property of the liquid crystal display of TN mold or a STN mold. There is a 
horizontal electric-field method which impresses horizontal electric field to a liquid crystal layer to the 
front face of a substrate as other methods. The liquid crystal display of this horizontal electric-field 
method is fertilized in recent years, and attracts attention. Moreover, there is a DAP (Deformation of 
vertical Aligned Phase) method using the perpendicular orientation film as orientation film using the . 
nematic liquid crystal ingredient which has a negative dielectric constant anisotropy as a liquid crystal 
ingredient as other techniques. This is one of the armature-voltage control birefringence 
(ECBrelectrically controlled birefringence) methods, and controls permeability using the form 
birefringence of a liquid crystal molecule. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in a manufacture process, although a horizontal 
electric-field method is one of the effective methods as a wide-field-of-view cornification technique, 
since a production margin is remarkable and narrow compared with the usual TN mold, it has the 
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' problem that stable production is difficult. This needs the further ED, in order for the gap of the 
direction of a transparency shaft (polarization shaft) of a polarizing plate to the gap unevenness 
between substrates or the orientation shaft of a liquid crystal molecule to be for influencing display 
brightness and a contrast ratio greatly, to control these with high precision and to perform stable 
production. 

[0005] Moreover, in order for the liquid crystal display of a DAP method to perform the uniform display 
without display nonuniformity, it is necessary to perform orientation control. There is the approach of 
carrying out orientation processing by carrying out rubbing of the front face of the orientation film as 
the approach of orientation control. However, if rubbing processing is performed to the perpendicular 
orientation film, it is not [ that it is easy to generate a rubbing muscle in a display image ] suitable for 
mass production. 

[0006] As an approach of on the other hand performing orientation control, without performing rubbing 
processing, slanting electric field are generated by forming a slit (opening) in an electrode, and the 
approach of controlling the direction of orientation of a liquid crystal molecule by the slanting electric 
field is also devised (for example, JP,6-301036,A and JP,2000-47217,A). However, by the approach 
currently indicated by the above-mentioned official report as a result of the invention-in— this- 
application person's examination, the orientation condition of the field of the liquid crystal layer 
corresponding to opening of an electrode is not specified, but the continuity of the orientation of a liquid 
crystal molecule is not enough, and it becomes the rough display a result with it difficult [ to continue 
for the whole picture element and to acquire the stable orientation condition ]. 

[0007] This invention was made in order to solve the above-mentioned problem, it has a wide-field-of- 

view angle property, and aims at offering the high liquid crystal display of display grace. 

[0008] 

[Means for Solving the Problem] The 1st electrode which the liquid crystal display by this invention has 
the liquid crystal layer prepared between the 1st substrate, the 2nd substrate, and said 1st substrate 
and said 2nd substrate, and was prepared in said liquid crystal layer side of said 1st substrate, With the 
2nd electrode prepared in said liquid crystal layer side of said 2nd substrate, it has two or more picture 
element fields where each is specified. Said 1st substrate Corresponding to each of two or more of said 
picture element fields, it has 1st at least one heights which have the sloping side face in said liquid 
crystal layer side. Said two or more picture element fields, respectively said inner liquid crystal layer In 
electrical-potential-difference the condition of not impressing, take a perpendicular orientation condition 
substantially and it sets in the electrical-potential-difference impression condition. It has the 
configuration which displays when the orientation condition of said liquid crystal layer changes according 
to the impressed electrical potential difference including a part of 1st liquid crystal domain [ at least ] 
which takes the radial inclination orientation condition centering on said 1st at least one heights, and the 
above-mentioned purpose is attained by that. 

[0009] Said 1st at least one heights may be configurations of two or more of said picture element fields 
currently formed inside, respectively. 

[0010] Said 1st at least one heights may be two or more 1st heights, and you may be the configuration 
of including two or more 1st liquid crystal domain of two or more picture element fields with which, as 
for an inner liquid crystal layer, each takes a radial inclination orientation condition in an electrical- 
potential-difference impression condition, respectively. 

[001 1] Said 1st electrode may have 1st at least one opening, and said 1st at least one heights may be 
configurations currently formed in said at least one 1st opening circles. 

[0012] Said inner liquid crystal layer is set in the electrical-potential-difference impression condition, 
respectively. 2nd at least one heights which said two or more picture element fields boil said 2nd 
substrate, respectively, and correspond and have the sloping side face — said liquid crystal layer side - 
- having — said two or more picture element fields — • As for the inclination direction of a liquid crystal 
molecule [ in / including a part of 2nd liquid crystal domain / at least / which takes.the radial inclination 
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orientation condition centering on said 2nd at least one heights / said 1st liquid crystal domain ], it is 
desirable to consider as the configuration which is following the inclination direction, of the liquid crystal 
molecule in said 2nd liquid crystal domain. 

[0013] Said 2nd electrode has 2nd at least one opening. Said two or more picture element fields, 
respectively said inner liquid crystal layer In an electrical-potential-difference impression condition, the 
inclination direction of the liquid crystal molecule in said 1st liquid crystal domain including the 2nd liquid 
crystal domain which takes the radial inclination orientation condition centering on said 2nd at least one 
opening It is good also as a configuration which is following the inclination direction of the liquid crystal 
molecule in said 2nd liquid crystal domain centering on said 2nd at least one opening. 
[0014] Said 2nd electrode may have 2nd at least one opening, and said 2nd at least one heights may be 
configurations currently formed in said at least one 2nd opening circles. 

[0015] Said 2nd at least one heights may be the configurations containing two or more 2nd heights 
formed in each outside of two or more of said picture element fields. 

[0016] As. for the cross-section configuration where said 1st set plate surface of said 1st at least one 
heights was met; it is desirable to have symmetry-of-revolution nature. 

[0017] The cross-section configuration where said 1st set plate surface of said 1st at least one heights 
was met may be a configuration which is an approximate circle form. 

[0018] The cross-section configuration where said 1st set plate surface of said 1st at least one heights 
was met may be a configuration which is the abbreviation cross-joint form prolonged along the 1st 
direction and the 2nd direction which carry out an abbreviation rectangular cross mutually. 
[0019] It may have further the polarizing plate of the pair prepared in the outside of said 1st substrate 
and said 2nd substrate, and the polarizing plate of said pair may be a configuration arranged so that one 
polarization shaft of the polarizing plate of said pair may become [ the polarization shaft of another side 
of the polarizing plate of said pair ] parallel to said 2nd direction in parallel with said 1st direction. 
[0020] As for the configuration seen from [ of said . 1st substrate of said 1st at least one opening ] the 
normal, it is desirable to have symmetry-of-revolution nature. 

[0021] As. for the cross-section configuration where said 2nd set plate surface of said the at least one 
2nd heights was met, it is desirable to have symmetry-of-revolution nature. 

[0022] As for the configuration seen from [ of said 2nd substrate of said 2nd at least one opening ] the 
normal, it is desirable to have symmetry-ol^revolution nature. 

[0023] Said 1st at least one heights are two or more 1st heights, and, as for a part of [ at least ] 1st 
heights of two or more of said 1st heights, it is desirable to be arranged so that it may have symmetry- 
of-revolution nature. 

[0024] Said 1st at least one opening is two or more 1st openings, and, as for a part of [ at least ] 1st 
opening of two or more of said 1st openings, it is desirable to be arranged so that it may have 
symmetry-of-revolution nature. 

[0025] Said the at least one 2nd heights are two or more 2nd heights, and, as for a part of [ at least ] 
2nd heights of two or more of said 2nd heights, it is desirable to be arranged so that it may have 
symmetry-of-revolution nature. 

[0026] Said 2nd at least one opening is two or more 2nd openings, and, as for a part of [ at least ] 2nd 
opening of two or more of said 2nd openings, it is desirable to be arranged so that it may have 
symmetry-of-revolution nature. 

[0027] As for the include angle to the front face of said 1st substrate of said sloping side face of said 
1st heights and/or said 2nd heights, and/or said 2nd substrate, it is desirable that it is [ 5 degree or 
more ] 85 degrees or less, and it is still more desirable that it is 50 degrees or less. 

[0028] Each of two or more of said picture element fields has two or more fields where the thickness of 
said liquid crystal layer differs mutually, either [ at least ] said 1st substrate or said 2nd substrate has 
the level difference section (boundary section) among said two or more fields, and said level difference 
section is good also as a configuration covered with said 1st electrode or sdid 2nd electrode. As for a 
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* part of [ at least ] 1st heights of said 1st at least one heights, at this time, being surrounded by said 
level difference section is desirable. 

[0029] In the above-mentioned configuration, said 1st electrode has a transparent electrode and a 
reflector, each of two or more of said picture element fields has the transparency field which displays by 
the transparent mode, and the reflective field which displays in reflective mode, and the thickness of 
said liquid crystal layer of said transparency field is especially effective in a liquid crystal display 
equipped with a larger configuration than the thickness of the liquid crystal layer of said reflective field 
[0030] Said 1st substrate has further the active component prepared corresponding to each of two or 
more of said picture element fields, said 1st electrode is prepared for said two or more picture element 
fields of every, it is the picture element electrode switched by said active component, and the 
configuration which is at least one counterelectrode which counters said two or more picture element 
electrodes can be used for said 2nd electrode. Typically, a counterelectrode is formed as a single 
electrode covering the whole viewing area. 

[0031] Said 2nd substrate has further the active component prepared corresponding to each of two or 
more of said picture element fields, said 2nd electrode is prepared for said two or more picture element 
fields of every, it is the picture element electrode switched by said active component, and the 
configuration which is at least one counterelectrode which counters said two or more picture element 
electrodes can also be used for said 1st electrode. 
[0032] Hereafter, an operation is explained. 

[0033] The liquid crystal display by this invention is a liquid crystal display in the perpendicular 
orientation mode in which a liquid crystal layer takes a perpendicular orientation condition substantially 
at the time of no electrical-potential-difference impressing. Typically, the liquid crystal layer of a 
perpendicular orientation mold is obtained by carrying out orientation of the nematic liquid crystal which 
has a negative dielectric anisotropy by the perpendicular orientation film. Two or more heights which 
have an inclination side face are prepared in one side (for example, TFT substrate) of the substrate of 
the pair arranged so that a liquid crystal layer may be pinched. Since orientation of the liquid crystal 
molecule is perpendicularly carried out to the front face of the inclination side face (typically covered by 
the perpendicular orientation film) of heights, the liquid crystal molecule which exists around heights 
inclines in a radial focusing on heights. Liquid crystal molecules other than [ the great portion of] the 
liquid crystal molecule near the inclination side face of heights are in a perpendicular orientation 
condition. 

[0034] If an electrical potential difFerence is impressed to this liquid crystal layer, a liquid crystal 
molecule will fall in the direction of orientation of the liquid crystal molecule which inclined in response 
to the effect of the inclination side face of heights (orientation restraining force, the so-called achoring 
effectiveness), and the direction to adjust. Extent (tilt angle) from which a liquid crystal molecule breaks 
down falls depending on field strength so greatly that electric field are strong, and the direction of 
orientation of a liquid crystal molecule approaches horizontally. Since the direction where a liquid crystal 
molecule falls is an inclination orientation direction [ effectiveness / of the inclination side face of 
heights / achoring / radial ] centering on heights, at the time of electrical-potential-difference 
impression, the liquid crystal domain of a radial inclination orientation condition is formed in a liquid 
crystal layer. In the liquid crystal domain of a radial inclination orientation condition, since the direction 
of orientation of a liquid crystal molecule is distributed in the direction of an omnidirection angle, it can 
improve the angle-of-visibility property of a liquid crystal display about an omnidirection. 
[0035] Two or more above-mentioned heights are prepared corresponding to a picture element field so 
that a radial inclination orientation domain may be formed in the liquid crystal layer of each picture 
element field. For example, at least one heights are formed in each picture element field, and the radial 
inclination orientation domain centering on heights is formed in the liquid crystal layer in a picture 
element field. Or two or more heights are formed around a picture element field (for example, field 
corresponding to source wiring, gate wiring, etc.), and the liquid crystal layer in a picture element field 
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may be made to consist of sets of a part of two or more radial inclination orientation domains formed 
focusing on each heights. Of course, the two above-mentioned configurations may be combined. 
[0036] In the liquid crystal display of this invention, the radial inclination orientation domain is formed 
using the orientation restraining force- of the inclination side face of heights. If the external force over a 
liquid crystal ingredient is lost even if an impact Joins a liquid crystal display, for example and the 
orientation of a liquid crystal layer is in disorder, since the orientation restraining force of an inclination 
side face acts also at the time of no electricaKpotential-difference impressing, radial inclination 
orientation will be reconstructed focusing on heights. In this point, it has a predominance compared with 
the configuration which forms radial inclination orientation using the slanting electric field generated with 
the electrode which has opening (slit). 

[0037] The display property of a liquid crystal display originates in the orientation condition (optical 
anisotropy) of a liquid crystal molecule, and shows an azimuth dependency. In order to reduce the 
azimuth dependency of a display property, it is desirable that the liquid crystal molecule is carrying out 
orientation by the equivalent probability to all the direction of an azimuth. Moreover, it is still more 
desirable that the liquid crystal molecule in each picture element field is carrying out orientation by the 
equivalent probability to all the direction of an azimuth. Therefore, as for heights, it is desirable to have 
a configuration which forms a liquid crystal domain so that the liquid crystal molecule in each picture 
element field may carrv^ out orientation by the equivalent probability to all the direction of an azimuth. 
[0038] By making the cross-section configuration where the substrate side of heights was met into the 
configuration which has symmetry-of^revolution nature, an omnidirection can be covered and an angle- 
of-visibility property can be made into homogeneity. As for a cross-section. configuration, it is desirable 
to have the high order symmetry-of-revolution nature more than 4 more times symmetry~of-revolution 
nature (for example, a square and a round shape) more than 2 times symmetry-of^revolution nature. 
[0039] Moreover, the orientation restraining force over a liquid crystal molecule becomes large, so that 
the area of the inclination side face of heights is large. For example, if the cross-section configuration of 
heights is made into an abbreviation cross-joint form, area of an inclination side face can be enlarged 
comparatively and orientation restraining force over a liquid crystal molecule can be enlarged 
comparatively. Therefore, radial inclination orientation can be stabilized further and a speed of response 
can be raised. Furthermore, when a cross-section configuration adopts the configuration which is an 
abbreviation cross-joint form, permeability and a contrast ratio can be raised by making in agreement 
the polarization shaft orientations of the polarizing plate of the pair arranged at a cross Nicol's prism 
condition, and the direction (two directions which carry out an abbreviation rectangular cross mutually) 
where a cross joint is prolonged. 

[0040] Moreover, in the configuration which prepares two or more heights, the liquid crystal domain 
which takes radial inclination orientation can be arranged to homogeneity by arranging two or more 
heights so that it may have symmetry-of-revolution nature (to the shape of for example, a tetragonal 
lattice). 

[0041] The orientation of a liquid crystal molecule can be further stabilized by using the orientation 
restraining force by the slanting electric field by the electrode equipped with opening with the achoring 
effectiveness by the inclination side face of heights. If heights are formed in the opening circles 
prepared in the electrode, since the orientation regulation direction by slanting electric field is in 
agreement with the orientation regulation direction by the inclination side face, radial inclination 
orientation of the liquid crystal molecule can be carried out to stability. Also as for the configuration 
seen from [ of opening ] the normal, it is desirable to have symmetry-of-revolution nature, and it is 
desirable cross-section formation of heights and that it is the same (mutually similar relation). Of course, 
opening may be prepared in a different location from heights. However, when arranging two or more 
openings, it is desirable to arrange so that it may have symmetry-of-revolution nature. Moreover, as for 
arrangement with heights and opening, it is desirable to take one arrangement which has the symmetry 
of revolution complementary. For example, when opening is transposed to heights, it is desirable to be 
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" arranged so that two or more heights containing the permuted heights may have symmetry-of- 
revolution nature. 

[0042] There is not necessarily no need of being arranged so that these all may cover the whole picture 
element field and may have symmetry-of^revolution nature, when preparing two or more heights and/or 
openings in a picture element field. For example, if a tetragonal* lattice (4 times symmetry-ol^revolution 
nature) is made into a smallest unit and a picture element field is constituted by those combination, the 
whole picture element field can be covered and orientation of the liquid crystal molecule can be 
substantially carried out by the equivalent probability to all the direction of an azimuth. Namely, the 
liquid crystal layer of a picture element field should just be formed as the aggregate of the liquid crystal 
domain (for example, two or more liquid crystal domains arranged in the shape of a tetragonal lattice) 
arranged so that it might have symmetry-of-revolution nature (or axial symmetry nature). 
[0043] the liquid crystal display of the invention in this application — setting — above-mentioned 
heights — and — or the orientation of a liquid crystal molecule can be further stabilized by preparing 
heights and/or opening in the substrate (for example, an opposite substrate or a color filter substrate) 
of another side arranged so that while might be formed and opening might counter a substrate through a 
liquid crystal layer like the above. Of the orientation restraining force which the heights and/or opening 
which are prepared in the liquid crystal layer side of the substrate of another side have, the liquid 
crystal domain of a radial inclination orientation condition is formed at the time of electrical-potential- 
difference impression. 

[0044] It is desirable to form so that the radial inclination orientation centering on the heights and/or 
opening of a substrate of another side and the radial inclination orientation centering on one heights 
and/or opening of a substrate may become continuously mutually. For that purpose, when it sees from a 
direction perpendicular to a substrate, as for the heights of one substrate and/or opening, and the 
heights and/or opening of a substrate of another side, being arranged so that it may not lap mutually is 
desirable. As for each, it is desirable to be arranged so that it may have symmetry-of-revolution nature, 
as mentioned above. When it follows, for example, each is arranged in the shape of a tetragonal lattice, it 
is desirable to arrange the heights and/or opening of each substrate so that the lattice point of the 
tetragonal lattice which the heights and/or opening of a substrate of another side form in each core of 
two or more tetragonal lattices which one heights and/or opening of a substrate form may be located. 
Of course, one substrate and the substrate of another side may interchange mutually. 
[0045] In addition, since the field corresponding to heights may produce optical leakage, it is desirable to 
prepare in the field corresponding to auxiliary capacity wiring which does not prepare in the periphery 
(for example, field corresponding to scan wiring or signal wiring) of a picture element field, or does not 
let the light in a picture element field pass. If heights are prepared in such a location, deterioration of 
display grace can be controlled. 

[0046] Since the liquid crystal display by this invention has heights in one [ at least ] substrate (for 
example, a TFT substrate or a color filter substrate), it can form in the liquid crystal layer of a 
perpendicular orientation mold the stable liquid crystal domain which takes a radial inclination orientation 
condition at the time of electrical-potential-difference impression. 

[0047] Like the mold liquid crystal display both for transparency reflective (for example, refer to JP,11- 
101992,A) which has a transparency field and a reflective field to each picture element field especially, 
in the so-called liquid crystal display of the multi-gap method which has the liquid-crystal layer from 
which thickness differs in one picture element field, the orientation of a liquid-crystal molecule is that of 
turbulence or a cone in response to the effect of a level difference, and it is difficult to form the liquid- 
crystal domain of radial inclination orientation stable enough only by the orientation restraining force of 
slanting electric field. However, if the heights which have a suitable inclination side face are prepared 
and the core of radial inclination orientation is formed according to the orientation restraining force of 
the front face, controlling [ form an electrode so that a level difference may be covered, and ] the 
discontinuity of the orientation of the liquid crystal molecule by the level difference according to the 
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'effectiveness of electric field according to this invention, stable radial inclination orientation is realizable, 
[f heights are surrounded by the level difference section especially covered with the electrode, the 
discontinuity of the orientation of the liquid crystal molecule by the level difference will be controlled 
effectively. 

[0048] Since the angle-of-visibility property of a liquid crystal display is improved according to this 
invention, a very high-definition display is realized by applying to an active matrix liquid crystal display 
especially. 

[0049] . ^ 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, referring to 
a drawing. 

[0050] (Operation gestalt 1) Since it has the outstanding display property, the liquid crystal display by 
this invention is used suitable for an active matrix liquid crystal display. Below, the operation gestalt of 
this invention is explained about the active matrix liquid crystal display which used the thin film 
transistor (TFT). This invention is not restricted to this but can be applied to the actiye matrix liquid 
crystal display and simple matrix liquid crystal display using MIM. Moreover, below, although the 
operation gestalt of this invention is explained to an example, this invention is not restricted to this but 
can apply a transparency mold liquid crystal display to the mold liquid crystal display both for 
transparency reflective, or a reflective mold liquid crystal display. 

[0051] In addition, in this application specification, the field of the liquid crystal display corresponding to 
the "picture element'' which is the smallest unit of a display is called a "picture element field." In a 
color liquid crystal display, the "picture element" of R, G. and B is equivalent to one a "pixel." The 
counterelectrode with which a picture element field counters with a picture .element electrode and a 
picture element electrode in an active matrix liquid crystal display specifies a picture element field. 
Moreover, in a simple matrix liquid crystal display, each field where the train electrode prepared in the 
shape of a stripe and the line electrode prepared so that it may intersect perpendicularly with a train 
electrode cross mutually specifies a picture element field. In addition, in the configuration in which a 
black matrix is prepared, the field corresponding to opening of a black matrix will be equivalent to a , 
picture element field among the fields where an electrical potential difference is strictly impressed 
according to the condition that it should display. 

[0052] The structure of one picture element field of the liquid crystal display 100 of the operation 
gestalt 1 by this invention is explained referring to drawing 1 (a) and (b). Below, a color filter and a black 
matrix are omitted for the simplicity of explanation. Drawing 1 (a) is the plan seen from the substrate 
normal, and drawing 1 (b) is equivalent to the sectional view which met the IB-IB* line in drawing 1 (a). 
Drawing 1 (b) shows the condition of not impressing the electrical potential difference to a liquid crystal 
layer. 

[0053] The liquid crystal display 100 has the liquid crystal layer 30 prepared between the active-matrix 
substrate (it is called a "TFT substrate" below.) 10, the opposite substrate (it is also called a "color 
filter substrate") 20, and the TFT substrate 10 and the opposite substrate 20. The liquid crystal 
molecule 31 of the liquid crystal layer 30 has a negative dielectric constant anisotropy, and with the 
perpendicular orientation film (un-illustrating) prepared in the front face by the side of the liquid crystal 
layer 30 of the TFT substrate 10 and the opposite substrate 20, when the electrical potential difference 
is not impressed to the liquid crystal layer 30, as shown in drawing 1 (b); it carries out orientation 
perpendicularly to the front face of the perpendicular orientation film. At this time, it is. said that the 
liquid crystal layer 30 is in a perpendicular orientation condition. However, the liquid crystal molecule 31 
of the liquid crystal layer 30 in a perpendicular orientation condition may incline a little from the normal 
of the front face (front face of a substrate) of the perpendicular orientation film according to the class 
of perpendicular orientation film, or the class of liquid crystal ingredient. Generally, the condition that 
the liquid crystal molecule shaft (it is also called "axial bearing".) carried out orientation at the include 
angle of about 85 degrees or more is called a perpendicular orientation condition to the front face of the 
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perpendicular orientation film. 

[0054] The TFT substrate 10 of a liquid crystal display 100 has the picture element electrode 12 formed 
in the transparence substrate (for example, glass substrate) 11 and its front face. The opposite 
substrate 20 has the counterelectrode 22 formed in the transparence substrate (for example, glass 
substrate) 21 and its front face. According to the electrical potential difference impressed to the picture 
element electrode 12 arranged so that it may counter mutually through the liquid crystal layer 30, and a 
counterelectrode 22, the orientation condition of the liquid crystal layer 30 for every picture element 
field changes. A display is performed with change of the orientation condition of the liquid crystal layer 
30 using the phenomenon in which the polarization condition and amount of the light which penetrates 
the liquid crystal layer 30 change. 

[0055] Heights 16 are formed in the center of the picture element electrode 12 which a liquid crystal 
display 100 has. Heights 16 are truncated cones which have 16s of inclination side faces, and 16t of top 
faces. 16s of inclination side faces inclines at the include angle theta to the front face (parallel to the 
front face of a substrate 11) of the picture element electrode 12. There may not be 16t of top faces and 
heights 16 may be cones. 

[0056] As the front face of these heights 1 6 has the perpendicular stacking tendency (the perpendicular 
orientation film (unHllustrating) is typically formed so that heights 16 may be covered.) and showed it to 
drawing 1 (b), orientation of the liquid crystal molecule 31 is carried out almost perpendicularly to these 
according to the achoring effectiveness of 16s of inclination side faces, and 16t of top faces. Since the 
cross-section configuration where the field of the substrate 1 1 of heights 16 was met is circular (refer 
to drawing 1 (a)X inclination orientation of the surrounding liquid crystal molecule of heights 16 is carried 
out to a radial a core [ heights 16 ]. The liquid crystal molecule 31 of other most is in a perpendicular 
orientation condition. 

[0057] Since other liquid crystal molecules 31 incline so that it may have consistency with the radial 
inclination orientation formed of the achoring effectiveness of 16s of inclination side faces of heights 16 
if an electrical potential difference is impressed to the liquid crystal layer 30 of such a condition, the 
liquid crystal domain of a radial inclination orientation condition is formed. This situation is explained 
referring to drawing 2 (a) and (b). here — the liquid crystal molecule 31 — an electrical-potential- 
difference impression condition — setting — a radial — and orientation is inclined and carried out. Then, 
in this application specification, such an orientation condition will be called "radial inclination 
orientation.'' Moreover, the field of the liquid crystal layer which takes radial inclination orientation about 
one core will be called a liquid crystal domain. 

[0058] Drawing 2 is a fragmentary sectional view of a liquid crystal display 110 which has two or more 
heights 16 to one picture element field. As for drawing 2 (a), drawing 2 (b) shows typically the orientation 
condition of the liquid crystal molecule 31 at the time of electrical-potential-difference impression 
(halftone electrical potential difference) at the time of no electrical-potential-difference impressing. 
[0059] As shown in drawing 2 (a), only the liquid crystal molecule 31 near the heights 16 is carrying out 
inclination orientation of the liquid crystal molecule 31 to the radial by setting a symmetry axis SA as 
the core of heights 16 at the time of no electrical-potential-difference impressing. If an electrical 
potential difference is impressed to this liquid crystal layer 30, as shown in drawing 2 (b), other liquid 
crystal molecules in a picture element field will carry out orientation so that it may have consistency in 
radial inclination orientation focusing on heights 16, and will form a liquid crystal domain. Two liquid 
crystal domains which set a symmetry axis SA as the core of two heights 1 6, respectively, and one 
liquid crystal domain which has a symmetry axis SB in the center of two heights 16 are formed at 
drawing 2 (b). In order to form at stability the liquid crystal domain which has a symmetry axis SB in the 
center of the adjoining heights 16, it is desirable to arrange two or. more heights 16 so that it may have 
symmetry-of-revolution nature. For example, the liquid crystal domain in the radial inclination orientation 
condition of having a symmetry axis SB can be formed in the core of four heights 16 by arranging so 
that four heights 16 may form a tetragonal lattice at stability. Thus, the orientation of the liquid crystal 
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* molecule 31 between the liquid crystal domains which take the radial inclination orientation formed in 
the liquid crystal layer of the liquid crystal display of this invention is continuation, consequently can 
realize very stable radial inclination orientation. 

[0060] In addition, although the cross-section configuration where the field of the substrate 11 pf 
heights 16 was met although the heights 16 of a truncated-cone form were illustrated is not restricted 
circularly, in order to form the liquid; crystal domain of stable radial inclination orientation, it is desirable 
to have the cross-section configuration which has symmetry-of-revolution nature, and it is desirable to 
have the high order symmetry-of-revolution nature more than 4 more times symmetry-of-revolution 
nature more than 2 times symmetry-of-revolution nature. 

[0061] Moreover, as for the tilt angle theta of 16s of inclination side faces of heights 16, it is desirable 
that it is within the limits of 5 degrees or more 85 degrees or less in order to carry out inclination 
orientation of the liquid crystal molecule 31 to stability. In addition, since optical leakage may arise 
according to the birefringence effectiveness of the liquid crystal molecule 31 which carried out 
inclination orientation according to the achoring effectiveness of 16s of inclination side faces at the time 
of no electrical-potential-difference impressing and it may become the cause of a fall of a contrast ratio, 
as for the tilt angle theta of 16s of inclination side faces of heights 16, it is desirable that it is 50 
degrees or less. 

[0062] In addition, although the heights 16 which have the sloping side face may be formed using a 
dielectric with high transparency, if it forms using an opaque dielectric, the advantage that the optical 
leakage resulting from the retardation of the liquid crystal molecule 31 which is carrying out orientation 
according to the achoring effectiveness of 16s of inclination side faces of heights 16 can be prevented 
will be acquired. The application of a liquid crystal display etc. riesponds and any are adopted should just 
determine. When a photopolymer is used in any case, there is an advantage which can simplify the 
process which carries out patterning corresponding to opening 12a. In order to acquire sufficient 
orientation restraining force, the height of the heights 16 which have the sloping side face should just be 
range which is about 0.5 micrometers - about 3 micrometers, when the thickness of the liquid crystal 
layer 30 is about 3 micrometers. As for the height of the heights 16 which generally have the sloping 
side face; it is desirable by below the thickness of the liquid crystal layer 30 that it is within the limits of 
or more about 1/6. 

[0063] Nexti the structure pf one picture element field of other liquid crystal displays 1 20 of the 
operation gestalt 1 is explained, referring to drawing 3 (a) and (b). Drawing 3 (a) is the plan seen from 
the substrate normal, and drawing 3 (b) is the sectional view which met the 3B-3B' line of drawing 3 (a). 
[0064] In addition to two or more 1st heights 16 formed in the liquid crystal layer 30 side of the TFT 
substrate 10, the liquid crystal display 120 has two or more 2nd heights 26 formed in the liquid crystal 
layer 30 side of the opposite substrate 20. The 1 st heights 1 6 are substantially [ as the heights 1 6 of a 
liquid crystal display 100 ] the same, and its 2nd heights 26 are substantially [ as the 1st heights 16 ] 
the same. 

[0065] As shown in drawing 3 (a), the 1st nine heights 16 are arranged so that four tetragonal lattices 
may be formed, and the 2nd heights 26 are located at each core of four tetragonal lattices. The 2nd four 
heights 26 also form the tetragonal lattice. Thus, the radial inclination orientation condition of the liquid 
crystal domain formed in the liquid crystal layer 30 at the time of electrical-potential-difference 
impression is further stabilized by arranging the 1st heights 16 and the 2nd heights 26. 
[0066] In addition, although the example which formed the thing of the same configuration for the 2nd 
heights 26 in the same height substantially vyith the 1st heights 16 was shown, it can also change 
suitably here. However, it is desirable to satisfy the tilt-angle range which also mentioned the 2nd 
heights 26 above about the 1st heights 16, a cross-section configuration, height, and the conditions 
about arrangement. 

[0067] Next, the structure of one picture element field of other liquid crystal displays 130 of the 
operation gestalt 1 is explained, referring to drawing 4 (a) and (b). Drawing 4 (a) is the plan seen from 
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the substrate normal, and drawing 4 (b) is the sectional view which met the 4B-4B' line of drawing 4 (a). 
[0068] In addition to two or more 1st heights 16 formed in the liquid crystal layer 30 side of the TFT 
substrate 10, the liquid crystal display 130 has two or more opening 22a formed in the counterelectrode 
22 of the opposite substrate 20. Opening 22a points out the part from which the electric conduction film 
of the counterelectrodes 22 formed from the electric conduction filrh (for example, ITO film) was 
removed. The 1st heights 16 are substantially [ as the heights 16 of a liquid crystal display 100 ] the 
same. Although opening 22a acts so that radial inclination orientation may be stabilized like the 2nd 
heights 26 of a liquid crystal display 120, it differs in the 2nd heights 26 and acts only at the time of 
electrical-potential-difference impression. As for the configuration of opening 22a, and arrangement, it is 
desirable to satisfy the same conditions as the 2nd heights 26. There is especially no limit in the 
magnitude of opening 22a. Moreover, it can be intermingled and the 2nd heights 26 and opening 22a can 
also be used. 

[0069] Next, the structure of one picture element field of other liquid crystal displays 150 of the 
operation gestalt 1 is explained, referring to drawing 5 (a) and (b). Drawing 5 (a) is the plan seen from 
the substrate normal, and drawing 5 (b) is the sectional view which met the 5B-5B' line of drawing 5 (a). 
[0070] Althoujgh this liquid crystal display 1 50 does not equip the opiposite substrate 20 side with the 
configuration which has orientation restraining force which forms radial inclination orientation like liquid 
crystal displays 100 and 200, it has opening 12a formed not only in the heights 16 but in the picture 
element electrode 12 in the TFT substrate 10 side. ' 
[0071] As shown in drawing 5 (a), it is arranged so that nine openings 12a may form four tetragonal 
lattices, and every one heights 16 are formed in each opening 12a. The configuration whiere it saw from 
the substrate normal of opening 12a is circular, and is circular. [ of a cross-section configuration parallel 
to the substrate side of heights 16 ] Moreover, the core of opening 12a and the core of heights 16 are in 
agreement. 

10012] When electric field are not impressed to the . liquid crystal layer 30, as shown in drawing 5 (bX 
only the surrounding liquid crystal molecule of heights 16 is carrying out radial inclination orientation of 
the liquid crystal molecule (achoring layer). This condition is the same as that of the case where the 
picture elerhent electrode 12 convex section 16 which does not have opening 12a shown in drawing 1 (b) 
is formed. If an electrical potential difference is impressed between the picture element electrode. 12 
and a counterelectrode 22. slanting electric field will be generated on the outskirts of an edge of opening 
12a. land the radial inclination orientation of the liquid crystal molecule 31 will be stabilized by it. An 
operation of this slantirig electric field is explained referring to drawing 6 - drawing 8 R> 8. 
[0073] Drawing 6 shows the electric field generated when an electrical potential difference is impressed 
to the liquid crystal layer 30 shown in drawing 5 (b) using the equipotential line EQ. The equipotential 
line EQ becomes parallel to the front face of the picture element electrode 12 and a counterelectrode 
22 within the liquid crystal layer 30 located between the picture element electrode 12 and a 
counterelectrode 22. Moreover, in the field corresponding to opening 12a of the picture element 
electrode 12, it falls and the slanting electric field expressed with the potential line EQ, such as having 
inclined, are formed in the liquid crystal layer 30 of the edge section (inside circumference of opening 
12a including the boundary (extent) of opening 12a) of opening 12a. The torque which is going to carry 
out orientation of the axial bearing of the liquid crystal molecule 31 to parallel (perpendicular to line of 
electric force) to the equipotential line EQ acts on the liquid crystal molecule 31 which has a negative 
dielectric anisotropy. Therefore, in the opening 1 2a right-hand side edge section, it carries out in the 
direction of a clockwise rotation, it inclines in the direction of a counterclockwise rotation in the opening 
left-hand side edge section, respectively (rotation), and orientation of the liquid crystal molecule 31 on 
the edge section of opening 12a is carried out in parallel with the equipotential line EQ. 
[0074] Here, change of the orientation of the liquid crystal molecule 31 is explained to a detail, referring 
to drawing 7 . If electric field are generated by the liquid crystal layer 30, the torque to which orientation 
of the axial bearing tends to be carried out in parallel to the equipotential line EQ will act on the liquid 
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crystal molecule 31 which has a negative dielectric constant anisotropy. If the electric field expressed 
with the perpendicular equipotential line EQ to axial bearing of the liquid crystal molecule 31 occur as 
shown in drawing 7 (a), it will act on the liquid crystal molecule 31 by the probability for the torque which 
makes it incline in a clockwise rotation or the direction of a counterclockwise rotation to be equal. . 
Therefore, in the parallel monotonous liquid crystal layer 30 in inter-electrode [ of mold arrangement ] 
which counters mutually, the liquid crystal molecule 31 which receives the torque of the direction of a 
clockwise rotation, and the liquid crystal molecule 31 which receives the torque of the direction of a 
counterclockwise rotation are intermingled. Consequently, change in the orientation condition according 
to the electrical potential difference impressed to the liquid crystal layer 30 may not take place 
smoothly. ^ 

[0075] If the electric field (slanting electric field) expressed with the potential line EQ, such as having 
inclined to axial bearing of the liquid crystal molecule 31, in the edge section of opening 12a of a liquid 
crystal display 150 occur as shown in drawing 6 , as shown in drawing 7 (b), the liquid crystal molecule 
31 incline, in the direction (the example of illustration counterclockwise rotation) with few amounts of 
inclinations for become the equipotential line EQ and parallel. Moreover, as shown in drawing 7 (c), the 
liquid-crystal molecule 31 located in the field which the electric field expressed with the perpendicular 
equipotential line EQ to axial bearing of the liquid-crystal molecule 31 generate inclines in the same 
direction as the liquid-crystal molecule 31 located on [, such as having inclined, ] the potential line EQ 
so that the liquid-crystal molecule 31 and the orientation which are located on [, such as having 
inclined, ] the potential line EQ may become continuously (it has consistency like). 

[0076] If the electric field which form the shape of toothing which the. equipotential line EQ followed like 
shown in drawing 3 (d) are impressed, the liquid crystal molecule 31 located on the flat equipotential line 
EQ will carry out orientation so that it may have consistency with the direction of orientation regulated 
with the liquid crystal molecule 31 located on each potential line.EQ, such as having inclined. In addition, 
the thing "which is located on the equipotential line EQ" and "which is located in the electric field 
expressed with the equipotential line EQ" is meant. 

[0077] Since heights 16 were formed in opening 12a, as the liquid crystal display 150 was shown in 
drawing 8 (a) at the time of no electrical-potential-difference impressing, the liquid crystal molecule 31 
which is carrying out orientation perpendiculariy to the sloping side face, and the liquid crystal molecule 
31 which is carrying out orientation perpendicularly to the level front face exist. 

[0078] If an electrical potential difference is impressed to the liquid crystal layer 30, since the electric 
field expressed with the potential line EQ, such as having been shown in drawing 6 , will be generated by 
the liquid crystal layer 30, the liquid crystal molecule 31 which exists in the edge section of opening 12a 
of the picture element electrode 12 inclines in response to the effect of slanting electric field. It is 
comparatively large, slanting electric field act even on the liquid crystal molecule 31 which was almost 
carrying out perpendicular orientation at the time of no electrical-potential-difference impressing, and . 
the liquid crystal molecule 31 which carries out inclination orientation in response to the achoring 
effectiveness of the inclination side face of heights 16 makes the range where slanting electric field 
reach incline to being very small. The inclination direction of the liquid crystal molecule 31 by the 
slanting electric field generated by the edge section of this opening 12a is adjusted with the inclination 
direction of the liquid crystal molecule 31 by the achoring effectiveness of the inclination side face of 
the heights 16 formed in opening 12a. Therefore, the radial inclination orientation shown in drawing 8 (b) 
is stable from the radial inclination orientation shown in drawing 2 (b) ( drawing 2 (b) and drawing 8 (b) 
are mimetic diagrams, and not shown [ this difference ] in addition). 

[0079] Signs that the orientation condition of the liquid crystal molecule 31 shown in drawing 8 (a) and ^ 
(b) was observed along the direction of a substrate normal from the opposite substrate 20 side are 
shown in drawing 9 (a) and (b). 

[0080] electrical-potential-difference the condition of not impressing shown in drawing 9 (a) — if it is — 
the pole near the circumference of heights 16 — only few liquid crystal molecules are carrying out 



. 15- 



* inclination orientation, and orientation of the liquid crystal molecule of other fields is substantially 
carried out at right angles to space. In drawing 9 (a), since it is easy, the liquid crystal molecule is not 
illustrated. 

[0081] In an electrical-potential-difference impression condition, as shown in drawing 9 (b), the liquid 
crystal molecule 31 carries out orientation to a radial a core [ heights 16 ]. It is shown that the picture 
element electrode 12 with which the edge has opening 12a rather than the other end prepares the edge 
where the point of the liquid crystal molecule 31 drawn in the shape of an ellipse is shown black, and the 
liquid crystal molecule 31 inclines so that closely [ the ******** substrate 10 side ]. Also in the 
following drawings, it is the same. 

[0082] Four liquid crystal domains which set each symmetry axis as nine liquid crystal domains which 
set each symmetry axis as nine heights 16 at the time of electrical-potentiaHdifference impression, and 
the core of four tetragonal lattices which nine heights 16 form are formed in one picture element field of 
a liquid crystal display 1 50 so that clearly from drawing 9 (b). The orientation of the liquid crystal 
molecule 31 is continuing on the boundary between the liquid crystal domains of these 13 (adjustment). 
[0083] In addition, it acts with the orientation restraining force by slanting electric field being natural 
only at the time of electrical-potential-difference impression, but the strength is dependent on field 
strength (magnitude of applied voltage), therefore, field strength — being weak (that is. applied voltage 
being low) — when the orientation restraining force by slanting electric field is weak and external force 
joins a liquid crystal panel, radial inclination orientation may collapse by flow of a liquid crystal ingredient 
Unless only the electrical potential difference which will once generate the slanting electric field which 
demonstrate orientation restraining force strong enough if radial inclination orientation collapses is 
impressed, radial inclination orientation is not restored. On the other hand, the orientation restraining 
force by the inclination side face of the heights 16 which have the sloping side face is very strong as it 
acts regardless of applied voltage and is known as achoring effectiveness of the orientation film. 
Therefore, even if a flow of a liquid crystal ingredient arises and radial inclination orientation once 
collapses, the liquid crystal molecule 31 near the ramp of the heights which have the sloping side face is 
maintaining the same direction of orientation as the time of radial inclination orientation. Therefore, if a 
flow of a liquid crystal ingredient stops and prattles, radial inclination orientation will be restored easily. 
[0084] In the liquid crystal display 150 of the operation gestalt 1, radial inclination orientation is 
stabilized by operation of the slanting electric field generated with the picture element electrode 12 with 
which opening 12a is formed rather than the case (for example, liquid crystal display 120 of drawing 2 ) 
where only heights 1 6 are formed. 

[0085] In addition, although the square picture element electrode 12 is illustrated until now, the 
configuration of the picture element electrode 12 is not restricted to this. Since the general 
configuration of the picture element electrode 12 is approximated to a rectangle (a square and a 
rectangle are included), it can arrange opening 12a regularly in the shape of a tetragonal lattice, if ^ 
opening 12a is regularly arranged so that a liquid crystal domain may be formed in all the fields in a 
picture element field even if the picture element electrode 12 has configurations other than a rectangle 
(for example, it illustrated — as — the shape of a tetragonal lattice), the effectiveness of this invention 
can be acquired. 

[0086] As the heights 16 which have an inclination side face are shown in drawing 10 (a), being formed in 
opening 12a is desirable, but as shown in drawing 1 0 (b), it may be formed so that the periphery of 
heights 16 may cover the edge of opening 12a. However, as shown in drawing 10 (c). it is not desirable 
that edge 12e of the surrounding picture element electrode 12 of opening 12a is formed on the 
inclination side face of heights 16. If edge 12e of the picture element electrode 12 is formed on the 
inclination side face of heights 16. since the orientation restraining force by the electric field generated 
in the field will act on hard flow with the orientation restraining force of the inclination side face of 
heights 16, the radial inclination orientation of a liquid crystal molecule is in disorder. 
[0087] In addition, left-handed rotation or the curled form clockwise radial inclination orientation of the 
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* radial inclination orientation of the liquid crystal molecule 31 is more stable than simple radial inclination 
orientation as shown in drawing 9 (b). In addition, curled form orientation here expresses the orientation 
condition of the liquid crystal molecule in a liquid crystal stratification plane (inside of a substrate side). 
The curled form orientation seen when a little chiral agent is added into a liquid crystal ingredient will 
hardly change along the thickness direction of the liquid crystal layer 30, if the direction of orientation of 
the liquid crystal molecule 31 hardly changes spirally along the thickness direction of the liquid crystal 
layer 30 like the usual twist orientation and the direction of orientation of the liquid crystal molecule 31 
is seen in a minute field That is, in the cross section (cross section in a field parallel to a stratification 
plane) of the location of what of the thickness direction of the liquid crystal layer 30, it is in the same 
orientation condition and most twist deformation which met in the thickness direction of the liquid 
crystal layer 30 is not produced. However, if it sees in the one whole liquid crystal domain, a certain . 
amount of twist deformation will have occurred. 

[0088] If the ingredient which added the chiral agent is used for the nematic liquid crystal ingredient 
which has a negative dielectric anisotropy, the liquid crystal domain where the liquid crystal molecule 31 
takes left-handed rotation or clockwise curled form radial inclination orientation focusing on opening 12a 
will be formed at the time of electrical-potentiahdifference impression. Right-handed rotation or left- 
handed rotation is decided by the class of chiral agent to be used. Therefore, since the direction which 
is rolling the surroundings of the liquid crystal molecule 31 which stands at right angles to the substrate 
side of the liquid crystal molecule 31 which is carrying out the radial inclination by forming the liquid 
crystal domain which takes curled form radial inclination orientation at the time of electrical-potential- 
difference impression can be made the same about all liquid crystal domains, the uniform display without 
a rough deposit is attained. Furthermore, since the direction which is rolling the surroundings of the . 
liquid crystal molecule 31 which stands at right angles to a substrate side has. become settled, the 
speed of response at the time of impressing an electrical potential difference to the liquid crystal layer 
30 also improves. 

[0089] Furthermore, also in the liquid crystal layer of a whorl orientation condition, if many chiral agents 
are added, if its attention is paid to the minute field, the orientation of the liquid crystal molecule 31 will 
come to change spirally along the thickness direction of the liquid crystal layer 30 like the usual twist 
orientation. 

[0090] In the orientation condition that the orientation of the liquid crystal molecule 31 does not change 
spirally along the thickness direction of the liquid crystal layer 30, in order that a perpendicular direction 
or the liquid crystal molecule 31 which is carrying out orientation in parallel may not give phase contrast 
to incident light to the polarization shaft of a polarizing plate, the incident light which passes through the 
field of such an orientation condition does not contribute to permeability. For example, observation of 
the picture element field in the white display condition of a liquid crystal display that the polarizing plate 
has been arranged at the cross Nicol's prism condition observes the quenching pattern of a cross joint 
clearly in the center section of the liquid crystal domain which carried out radial inclination orientation. 
[0091] On the other hand, while a perpendicular direction or the liquid crystal molecule 31 which is 
carrying out orientation in parallel also gives phase contrast to the polarization shaft of a polarizing plate 
to incident light in the orientation condition that the orientation of the liquid crystal molecule 31 
changes spirally, along the thickness direction of the liquid crystal layer 30, the optical activity of light 
can also be used. Therefore, since the incident light which passes through the field of such an 
orientation condition also contributes to permeability, the liquid crystal display in which a bright display 
is possible can be obtained. For example, if the picture element field in the white display condition of a 
liquid crystal display that the polarizing plate has been arranged at the cross Nicofs prism condition. is 
observed, the quenching pattern of the cross joint of the center section of the liquid crystal domain 
which carried out radial inclination orientation will become indefinite, and will become bright at the whole. 
In order to improve the use effectiveness of the light by optical activity efficiently, as for the twist angle 
of a liquid crystal layer, it is desirable that it is about 90 degrees. 
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' [0092] In addition, the thing with the curled form more desirable radial inclination orientation is the same 
also about the case where radial inclination orientation is formed only using heights 16 and/or heights 26, 
without not being restricted when opening 12a is formed, but forming opening 12a. 
[0093] Next, the structure of one picture element field of other liquid crystal displays 160 of the 
operation gestalt 1 is explained, referring to drawing 1 1 (a) and (b). Drawing 11 (a) is the plan seen from 
the substrate norrnal, and drawing 1 1 (b) is the sectional view which met the 1 1 B-1 1 B' line of drawing 

' 11(a). 

[0094] A liquid crystal display 160 is equivalent to what permuted the TFT substrate 10 of the liquid 
crystal display 120 mentioned above with the TFT substrate 10 of a liquid crystal display 150, and has 
the opposite substrate 10 of the same structure substantially with the TFT substrate 10 of the above- 
mentioned liquid crystal display 150 as substantially as the same TFT substrate 10 of structure, and the 
opposite substrate 20 of a liquid crystal display 120. 

[0095] Two or more opening 12a is arranged by the picture element electrode 12 of the TFT substrate 
10 in the shape of a tetragonal lattice, and every 1st one heights 16 are formed in each opening 12a. 
Two or more 2nd heights 26 are formed in the liquid crystal layer 30 of the opposite substrate 20, and it 
is arranged so that it may be located in each center of the tetragonal lattice which the list heights 16 
(and opening 1 2a) of the TFT substrate 1 0 form. 

[0096] The orientation condition of the liquid crystal molecule 31 when observing the liquid crystal 
display 160 of an electrical-potential-difference impression condition along the direction of a substrate 
normal from the opposite substrate 20 side is shown in drawing 12 . Four liquid crystal domains which 
set each symmetry axis as the core of the 2nd heights 26 arranged at nine liquid crystal domains which 
set each symmetry axis as the 1st nine heights 16 (and opening 12a) at the time of electrical-potential- 
difference impression, and the core of four tetragonal lattices which the 1st nine heights 16 form are 
formed in one picture element field of a liquid crystal display 160 so that clearly from drawing 12 . The 
orientation of the liquid crystal molecule 31 is continuing on the boundary between the liquid crystal 
domains of these 13 (adjustment). 

[0097] Since not only the 1st heights 16 but opening 12a is prepared in the TFT substrate 10 of a liquid 
crystal display 160, while radial inclination orientation is further stabilized rather than the liquid crystal 
display 120 shown in drawing 3 , a speed of response is also improved. 

[0098] Next, the structure of one picture element field of other liquid crystal displays 170 of the 
operation gestalt 1 is explained, referring to drawing 13 (a) and (b). Drawing 13 (a) is the plan seen from 
the substrate normal, and drawing 13 (b) is the sectional view which met the 13B-13B' line of drawing 
13(a). 

[0099] A liquid crystal display 170 is replaced with the 2nd heights 26 of a liquid crystal display 160. and 
it has opening 22a formed in the counterelectrode 22. As explained referring to drawing 4 , opening 22a 
acts so that radial inclination orientation may be stabilized like the 2nd heights 26 of a liquid crystal 
display 1 60. This situation is explained referring to drawing 14 . 

[0100] Drawing 14 shows the electric field generated when an electrical potential difference is 
impressed to the liquid crystal layer 30 shown in drawing 13 (b) using the equipotential line EQ. Slanting 
electric field are generated by the edge section of opening 12a and opening 22a so that clearly from 
drawing 14 . The orientation regulation direction by the electric field generated by the edge section of 
opening 22a is the same as the orientation regulation direction by the inclination side face of heights 26, 
and it acts so that radial inclination orientation may be stabilized like heights 26. However, it differs in 
the 2nd heights 26 and acts only at the time of electrical-potential-difference impression. As for the 
configuration of opening 22a, magnitude, and arrangement, it is desirable to satisfy the same conditions 
as the 2nd heights 26 mentioned above. Moreover, it can be intermingled and the 2nd heights 26 and 
opening 22a can also be used. 

[0101] The orientation condition of the liquid crystal molecule 31 when observing the liquid crystal 
display 170 of an electrical-potential-difference impression condition along the direction of a substrate 
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normal from the opposite substrate 20 side is shown in drawing 15 . Four liquid crystal, domains which 
set each symmetry axis as the core of opening 22a arranged at nine liquid crystal domains which set 
each symmetry axis as the 1st nine heights 16 (and opening 12a) at the time of electrical-potential- 
difference impression, and . the core of four tetragonal , lattices which the Ist .nipe heights 16 form are , 
formed in one picture element field of a liquid crystal display 170 so that clearly from drawing 1 5 . The 
orientation of the liquid crystal molecule 31 is continuing on the boundary betvyeen the liquid crystal 
domains of these 13 (adjustment). 

[0102] Furthermore, in order to strengthen the orientation restraining force by the side of the opposite 
substrate 20, as shown in the liquid crystal display 180 of drawing 16 , opening 22a may be formed in a 
counterelectrode 22, and the configuration which forms the 2nd heights 26 in opening 22a niay be 
adopted. 

[0103] (Operation gestalt 2) Sincie the stability of the radial inclination orientation of a liquid crystal 
molecule improves according to this invention, the advantage becomes remarkable by applying to the 
liquid crystal display of the structure where the orientation of a liquid crystal molecule tends to become 
unstable. For example, in the so-called liquid crystal display of the multi-gap. method which has the 
liquid crystal layer from which thickness differs in one picture element field like the mold liquid crystal 
display both for transparency reflective which has a transparency field and a reflective field to each 
picture element field, it is difficult for the orientation of a liquid crystal molecule to be that of turbulence 
or a cone, and to obtain stable radial inclination orientation in response to the effect of a level 
difference. For example, even if it prepared opening in the electrode and generated slanting electric field 
as a result of the invention-in-this-apiplication person's examination, it turned out that it is difficult to 
obtain radial inclination orientation stable enough. 

[0104] The operation gestalt 2 explains the operation gestalt which applied this invention to the mold 
(henceforth "mold in two ways") liquid crystal display both for transparency reflective. 
[0105] The structure of the mold liquid crystal display in two ways of the operation gestalt 2 is explained 
referring to drawing 17 (a), (b). and (c). 

[0106] drawing 17 — ( — a — ) — two ways — a mold — a liquid crystal display — 200 — a plan : — 
drawing 1 7 — (— b — ) — two ways — a mold — a liquid crystal display — 200 ^ V -^ a plan — 
drawing 17 — ( — c — ) — drawing 1 7 — ( — a — ) — and — ( — b — ) — 17 — C - 1 7 — C — ' — a 
line having met — a sectional view.— it is . In addition, in these drawings, since it is easy, a. color 
filter, a black matrix, TFT, etc. are omitted. 

[0107] The mold liquid crystal display 200 in two ways and the picture element electrode 212 of 200* 
have 21 2t of. transparent electrodes, and reflector 21 2r. The transparency field T where a transparent 
electrode 212 displays by the transparent mode is specified, and the reflective field R where reflector 
21 2r displays in reflective mode is specified. 21 2t of transparent electrodes is formed for example, from 
an ITO layer, and reflector 21 2r is formed for example, in an aluminum layer. In addition, it can replace 
with a reflector 212 and can also use combining a transparence conductive layer and a reflecting layer. 
[0108] The thickness of the liquid crystal layer 30 of the transparency field T is formed so that it may 
become larger than the thickness of the liquid crystal layer 30 of the reflective field R. This is for 
adjusting the retardation of the transmitted light which passed the liquid crystal layer 30 of the 
transparency field T, and the retardation of the reflected light which passed the liquid crystal layer 30 of 
the reflective field R, and it is desirable to make thickness of the liquid crystal layer 30 of the 
transparency field T into twice [ about ] the thickness of the liquid crystal layer 30 of the reflective field 

R. ' ■ ^ . .: 

[0109] The difference in the thickness of this liquid crystal layer 30 is given by forming for example, 
reflector 21 2r on an insulating layer 213, and forming 21 2t of transparent electrodes in opening 213a 
formed in the insulating layer 213. 212t of transparent electrodes is electrically connected to the drain 
electrode of TFT (un-illustrating), and reflector 21 2r is connected to 21 2t of transparent electrodes 
within opening 213a of an insulating layer 213. Reflector 21 2r is formed so that the level difference 
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' formed of opening 213a may be covered. Of course, opening 213a may be a crevice. 
[01 10] By the mold liquid crystal display 200 in two ways, and 200', mutual arrangement with the 
reflective field R and the transparency field T differs so that drawing 17 (a) and the comparison with (b) 
may show. These arrangement is not restricted to the illustrated example, but can adopt various 
arrangement. However, since the field in which the element which does not penetrate light, such as 
wiring (scan wiring and signal wiring) and TFT, is formed cannot be used as a transparency field T, it has 
the advantage to which the area of the substantial picture element field which can be used for a display 
is expandable by forming the reflective field R in the field in which the element which does not penetrate 
light is formed. 

[0111] The mold liquid crystal display 200 in two ways and 200' have the 2nd heights 226 formed in the 
liquid crystal layer 230 side of a counterelectrode 222 while having opening 212a formed in reflector 
21 2r, and the 1st heights 216 formed on 21 2t of transparent electrodes in a TFT substrate side. As the 
operation gestalt 1 was explained in full detail, the radial inclination orientation of the liquid crystal 
molecule of the liquid crystal layer 230 is stabilized by such orientation restraining force, of course, it is 
not restricted to the illustrated configuration, but as the operation gestalt 1 explained, various heights 
and openings formed in the electrode can be boiled and combined. 

[0112] However, if the configuration which formed the transparent electrode 213 convex section 216 is 
adopted, since heights 216 can be formed in the process of patterning for forming the transparent resin 
layer (a thing with photosensitivity being desirable) used as an insulating layer 213, and forming opening 
213 on a transparent electrode 213, there is an advantage which can simplify a manufacture process. 
[0113] Moreover, as for reflector 21 2r, forming so that a level difference may be covered is desirable. 
Since electric field which form the equipotential line parallel to reflector 21 2r as be alike, alias a wrap, 
are generated in a level difference, radial inclination orientation more stable than the time of the level 
difference section not being covered by reflector 21 2r is obtained. 

[0114] Thus, since according to this invention the heights 16 which have a suitable inclination side face 
are formed and the core of radial inclination orientation is formed according to the orientation 
restraining force of the front face, controlling [ form an electrode so that a level difference may be 
covered, and ] the discontinuity of the orientation of the liquid crystal molecule by the level difference 
according to the effectiveness of electric field, stable radial inclination orientation is realizable. 
[01 15] Since the operation of opening 212a or the 2nd heights 226 prepared in the reflective field R is 
the . same as that of the liquid crystal display 130 of the operation gestalt 1 shown in drawing 4 , the 
explanation is omitted here. 

[0116] Next, the structure of one picture element field of other mold liquid crystal displays 210 in two 
ways of the operation gestalt 2 is explained, referring to drawing 18 (a) and (b). Drawing 18 (a) is the 
plan seen from the substrate normal, and drawing 18 (b) is the sectional view which met the 18B-18B' 
line of drawing 1 8 R> 8 (a). 

[01 17] The transparency field T is established in the center section of the picture element field, and the 
reflective field R is established in the periphery. Unlike the mold liquid crystal display 200 in two ways, 
and 200', opening 212a is not formed in reflector 21 2r. The 2nd six heights 226 are formed in the 
counterelectrode 222 of the reflective field R. The 2nd six heights 222 are arranged so that two 
tetragonal lattices may be formed, and the 1st heights 216 are arranged at each core. Thus, by arranging 
the 1st heights 216 and the 2nd heights 226, the liquid crystal domain of eight radial inclination 
orientation centering on each is formed in stability. 

[0118] Next, the structure of one picture element field of other mold liquid crystal displays 220 in two 
ways of the operation gestalt 2 is explained, referring to drawing 19 (a) and (b). Drawing 19 (a) is the 
plan seen from the substrate normal, and drawing 19 (b) is the sectional view which met the 19B-19B' 
line of drawing 1 9 R> 9 (a). 

[0119] The mold liquid crystal display 220 in two ways is the point that the 2nd heights 226 on a 
counterelectrode 222 are formed outside the picture element field, and differs from the mold liquid 
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* crystal display 210 in two ways shown in drawing 18 . 

[0120] Although the liquid crystal domain formed focusing on heights 226 is located in a picture element 
field and only the part contributes it to a display, other parts do not contribute to a display. However, 
since heights 226 are arranged so that a tetragonal, lattice may be formed, if , the part contained in a 
picture element field is added, two liquid crystal domains will become that the liquid crystal domain is 
included and an EQC. Namely, xtwo in 'which about 1/4 of the liquid crystal domain formed near each 
angle of a rectangular picture element field is contained in to a picture element field (1/4) (x4), and 
about 1/2 of the liquid crystal domain formed near the center of the long side of a picture element field 
is contained to a picture element field (1/2). Therefore, the angle-of^visibility property of the mold liquid 
crystal display 220 in two ways is equivalent to the mold liquid crystal display 210 in two ways, and very 
excellent. 

[0121] However, if heights 226 are formed outside a picture element field (between adjoining picture 
element fields), even when the optical leakage resulting from the liquid crystal molecule near the heights 
226 will arise like the mold liquid crystal display 220 in two ways, deterioration of display grace can be 
controlled. 

[0122] Moreover, with the mold liquid crystal display. 220 in two ways, if the mold liquid crystal display 
220 in two ways shown in the mold liquid crystal display 210 in two ways shown in drawing 20 (a) and 
drawing 20 (b) is compared, since heights 226 do not exist in a picture element field, the effective area 
made to use for a display is large, and a brighter display can be realized, so that clearly. 
[0123] Of course, arrangement of heights 226 is not restricted to the above-mentioned example, but 
can be variously changed according to the configuration and magnitude of a picture element field. For 
example, it can arrange like the mold liquid crystal displays 240, 250, 260, and 270 in two ways shown in 
drawing 21 (a), (b), (c), and (d), respectively. 

[0124] As shown in drawing 21 (a) and (b), when a picture element field is a square A square 
transparency field (part to which 21 2t of transparent electrodes is exposed) is formed in the center 
section of the picture element field. A reflective field (reflector 21 2r) inay be prepared around it, the 2nd 
heights 226 formed in an opposite substrate may be arranged so that a tetragonal lattice may be formed 
in a picture element field, or you may arrange so that a tetragonal lattice may be formed outside a . 
picture element field ( drawing 21 (a)) ( drawing 21 (b)). Of course, also depending on transparency area 
size (reflective area size comparatively), you may change suitably. 

[0125] It is desirable to prepare two or more transparency fields (field where the transparent electrode 
212 was exposed), and to prepare a reflective field (reflector 22r) around those especially, like [ when a 
picture element field is big ] the mold liquid crystal displays 260 and 270 in two ways shown in drawing 
21 (c) and (d). That is, if a picture element field becomes large, in order to form radial inclination 
orientation in stability, it is necessary to increase the number of liquid crystal domains. At this time, as 
shown in drawing 21 (c), all the 2nd heights 226 may be arranged in a picture element field, and as 
shown in drawing 2222 (d), heights 226b arranged at the outermost periphery may be formed outside a 
picture element field. However, it is desirable from a viewpoint of the stability of orientation to arrange 
so that the heights 226 and the tetragonal lattice by which the heights 226 formed outside a picture 
element field are also formed in a picture element field may be formed. In addition, it may replace with 
the 2nd heights and opening may be prepared in a counterelectrode 222 (for example, refer to drawing 
19 (b9)). 

[0126] In addition, when a picture element field is small, even if it omits the 2nd heights 226 in drawing 
21 (a) or (b), radial inclination orientation can be formed in stability using the slanting electric field 
generated on the edge of the picture element electrode 212. 

[0127] Moreover, it is good also as a configuration with which radial inclination orientation is realized by 
the 2nd heights 226 formed in the location corresponding to the transparency field T of an opposite 
substrate like the liquid crystal display 280 which omits the 1st heights 216 on a TFT substrate, and is 
shown in drawing 22 (a) and (b). 
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[0128] Next, other concrete structures of the mold liquid crystal displays 300 and 310 in two ways are 
explained, referring to drawing 23 « drawing 24 . and drawing 25 . 

[0129] The mold liquid crystal displays 300 and 310 in two ways have the source electrode of TFT342 
and TFT342, the signal wiring 343 formed in one, and the gate electrode of TFT342 and the scan wiring 
344 formed in one, 31 2t of transparent electrodes is connected to the drain electrode of TFT342, and 
reflector 31 2r is connected to 31 2t of transparent electrodes iri opening 312a prepared in the insulating 
layer (313 reference of drawing 24 ). Moreover, reflector 31 2r is formed so that TFT342 may be. covered 
and it may lap with signal wiring 343 and the scan wiring 344 in a periphery. Furthermore, the mold liquid 
crystal displays 300 and 310 in two ways have the auxiliary capacity wiring 345, and the auxiliary 
capacity wiring 345 is connected with reflector 31 2r in the contact hole 347 established in the insulating 
layer. 

[0130] The mold liquid crystal display 300 in two ways shown in drawing 23 has two transparency fields 
T (refer to drawing 25 ), and the 1st heights 316 are formed in each center. The 2nd heights 326 
currently formed in the opposite substrate side are formed outside a picture element field, and are 
prepared in the field corresponding to signal wiring 343 and the scan wiring 344. 

[0131] The mold liquid crystal display 310 in two ways shown in drawing 24 and drawing 25 is the point 
that many transparency fields T are formed, and differs from the mold liquid crystal display 300 in two 
ways. Furthermore, the 2nd heights 326 are formed also in the field corresponding to a contact hole 347. 
By forming the 2nd heights 326 also in this location, the regularity of arrangement of a liquid crystal 
domain increases and the stability of radial inclination orientation improves. Thus, what is necessary is 
just to arrange the 2nd heights 326 (or the 1st heights 316 or opening) so that mutual arrangement of a 
liquid crystal domain may become as regular as possible even whein it is difficult for symmetry-of- 
revolution nature, such as the shape of a tetragonal lattice, to arrange a liquid crystal domain so that 
highly. Moreover, since the auxiliary capacity wiring 345 is formed with the ingredient which does not let 
light pass, even if optical leakage occurs near these 2nd heights 326, display grace does not fall. 
Moreover, as shown in drawing 25 , even if optical leakage occurs near the 2nd heights 326 formed in 
the field which counters signal wiring 343, since it is shaded by signal wiring 343, display grace does not 
fall. 

[0132] Moreover, it is good also as a configuration with which radial inclination orientation is realized by 
the 2nd heights 326 formed in the location corresponding to the transparency field T of an opposite 
substrate like the liquid crystal display 320 which omits the 1st heights 316 formed in a TFT substrate, 
and is shown in drawing 26 . 

[0133] the level difference section (boundary section) which exists among two or more fields in the 
liquid crystal display of the multi-gap method which has two or more fields where the thickness of a 
liquid crystal layer differs in one picture element field — an electrode — a wrap — a having already 
stated passage has desirable things. When heights are arranged at the both sides bordering on the level 
difference section covered with the electrode, heights may be arranged, by turns to both substrates, and 
heights may be arranged only to one substrate. 

[0134] The mold liquid crystal displays 300A and 300B in two ways with which heights have been 
arranged are typically shown in both substrates at drawing 27 and drawing 28 . 

[0135] Mold liquid crystal display in two ways 300A has the 1st heights 316 formed in the TFT substrate 
side, and the 2nd heights 326 formed in the opposite substrate side, as shown in drawing 27 (a) and (b). 
The 1st heights 316 are formed in the transparency field T. and the 2nd heights 326 are formed in the 
reflective field R. That is, the heights which adjoin mutually through the level difference section 306 
covered by reflector 31 2r are formed in a substrate different, respectively. 

[0136] The orientation restraining force by the 1st heights 316 prepared in the transparency field T and 
the orientation restraining force by the 2nd heights 326 prepared in the reflective field R are adjusted 
mutually. Moreover, since the level difference section 306 between the transparency field T and the 
reflective field R is covered with reflector 31 2r, the discontinuity of the orientation of the liquid crystal 
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* molecule resulting from a level difference is controlled by. electric field parallel to the front face of the 
level difference section 306 generated with a wrap electrode in the level difference section 306. 
Therefore, since the radial inclination orientation of the liquid crystal domain formed in the liquid crystal 
layer 330 of the transparency field T and.the radial inclination prientation of the liquid crystal domain, 
formed in the liquid crystal layer 330 of the reflective field R continue smoothly, stable radial inclination 
orientation is realized. 

[0137] Although mold liquid crystal display in two ways 300B shown in drawing 28 (a) and (b) differs from 
mold liquid crystal display in two ways 300A in the point that the 1st heights 316 formed in the TFT 
substrate side are formed in the reflective field R, and the 2nd heights 326 formed in the opposite 
substrate side are formed in the transparency field T, stable radial inclination orientation is realized 
similarly. 

[0138] The mold liquid crystal displays 300C and 300D in two ways with which heights have been 
arranged are typically shown only in one substrate at drawing 29 and drawing 30 . 

[0139] Mold liquid crystal display in two ways 300C shown in drawing 29 (a) and (b) has the 1st heights 
316 formed in the TFT substrate side to both the transparency field T and the reflective field. R, and 
mold liquid crystal display in two ways 300D shown in drawing 30 (a) and (b) has the 2nd heights 326 
formed in the opposite substrate side to both the transparency field T and the reflective field R. That is, 
in the mold liquid crystal displays 300C and 300D in two ways, the heights which adjoin mutually through 
the level difference section 306 covered by reflector 31 2r are formed. in the same substrate. . 
[0140] I can consider also as if have consistency and there are not radial inclination orientation of the 
liquid crystal domain formed in the transparency field T and radial inclination orientation of the liquid 
crystal domain formed in the reflective field R, when not taking into consideration the prientation 
condition of the liquid crystal molecule on the level difference section 306. However, Jn the mold liquid 
crystal displays 300C and 300D in two. ways, since the level difference section 306 is covered with the 
electrode (here reflector 31 2r), the level difference section 306 serves as ******, and. the liquid crystal 
domain formed in the transparency field T and the liquid crystal domain formed in the reflective field R 
take stable radial inclination orientation, respectively. 

[0141] That the delicate imbalance resulting from the special configuration of a level difference occurs, 
and when electric field (equipotential surface) parallel to the front face of the level difference section 
306 generate the level difference section 306 with a wrap electrode, this It is because it falls in the 
direction (direction perpendicular to space in drawing 31 ) which intersects perpendicularly with the 
Straight line to which the liquid crystal molecule 31 on the level difference section 306 is parallel to a 
substrate side, and connects 1st heights 316 comrades certainly as shown in drawing 31 . Orientation of 
the liquid crystal domain of the transparency field T and the liquid crystal domain of the reflective field 
R is carried out so that it may have consistency in three dimension bordering on the liquid crystal 
molecule 31 with which it fell on the level difference section 306. 

[0142] the level difference section (boundary section) which exists among two or more fields in the 
liquid crystal display of the multi-gap method, which has two or more fields where the thickness of a 
liquid crystal layer differs in one picture element field as mentioned above — an electrode — a wrap — 
stable radial inclination orientation is obtained by things. What heights are surrounded for by the level 
difference section from a viewpoint which controls more effectively the discontinuity of the orientation 
resulting from the level difference section (seen and surrounded from the substrate side normal) is 
desirable. 

[0143] Here, although the mold liquid crystal display in two ways equipped with the transparency field T 
and the reflective field R was illustrated, of course, it is not limited to this, but stable radial inclination 
orientation is realized by covering the level difference section with an electrode also in the transparency 
mold liquid crystal display and reflective mold liquid crystal display of a multi-gap method. It is not 
limited to the reflector with which the wrap electrode also illustrated the level difference section. The 
level difference section may be covered with a transparency electrode, and the laminating of a 
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* transparency electrode and the reflector may be carried out to the level difference section. 
[0144] Moreover, with this operation gestalt. since rubbing processing is not performed to the 
perpendicular orientation film, a rubbing muscle does not occur in a display image and the good high 
display of a contrast ratio is obtained. On the other hand, since the liquid crystal molecule near the 
substrate front f^ce is made to discover the pre tilt angle of the include angle (for example, 88 degrees 
- 89 degrees) near 90 degrees when performing orientation ^ regulation by performing rubbing processing 
to the perpendicular orientiation film, black level may vary according to delicate pre tilt angle unevenness. 
Therefore, dispersion and a rubbing muscle may occur [ a contrast ratio ] locally. Dispersion in black 
level is because it has bigger effect to a contrast ratio than dispersion in a white leyel. 
[0145] Other mold liquid crystal displays 300E and 300F in two ways are typically shown in drawing 32 
and drawing 33 . Like the mold liquid crystal displays 300E and 300F in two ways shown in drawing 32 
and drawing 33 , if the heights of the reflective field R are omitted, the area of the field which can be 
used for the display in the reflective field R increases, and the reflection factor of the light in the 
reflective field R can be improved. • 

[0146] Mold liquid crystal display in two ways 300F shown in drawing 33 R> 3 (a) arid (b) have the 1st 
heights 316 formed in the TFT substrate side to the transparency field T to mold liquid crystal display in 
two ways 300E shown in drawing 32 (a) and (b) having the 2nd heights 326 formed in the opposite 
substrate side to the transparency field T. 

[0147] In mold liquid crystal display in two ways 300F shown in drawing 33 (a) and (b) Since heights (the 
1st heights 316) are prepared in the field (field corresponding to the transparency field T of the TFT 
substrate which specifically has the level difference section 306) in which the level difference is 
prepared and where the height of a subistrate is low In the process of patterning for forming the 
transparent resin layer (a thing with photosensitivity being desirable) used as an insulating layer 313, and 
forming opening 313a, heights can be formed and the advantage which can simplify a manufacture 
process is acquired. 

[0148] Moreover, the heights to which radial inclination orientation of the liquid crystal molecule is 
carried out may serve as the spacer holding spacing between substrates (thickness of a liquid crystal 
layer). For example, 2nd heights 326' which functions also as a spacer which specifies the thickness of 
the liquid crystal layer 330 may be formed as heights prepared in the reflective field R like the mold 
liquid crystal displays 300G, 300H, and 3001 in two ways shown in drawing 34 , drawing 35 , and drawing 
36 R> 6. As shown in drawing 34 , drawing 35 , and drawing 36 , between the TFT substrate and the 
opposite substrate (specifically between reflector 312r and counterelectrodes 322), 2nd heights 326' is 
prepared so that these spacing may be held, and functions as a spacer which specifies the thickness of 
the liquid crystal layer 330. 

[0149] If such a configuration is adopted, since it is not necessary to form separately the spacer which 
specifies the thickness of the liquid crystal layer 330, a manufacture process is simplified and there is 
an advantage which can reduce a manufacturing cost. Moreover, in forming a spacer separately in 
addition to heights, the field in which a spacer is formed turns into a field which does not contribute to a 
display substantially, but like the mold liquid crystal displays 300G, 300H, and 3001 in two ways, if 2nd 
heights 326' serves as the spacer, the area of the field which can be used for a display will increase and 
a numerical aperture will improve. 

[0150] In addition, if the 2nd heights 326 formed in the transparency field T are formed at the same 
process using the same ingredient as 2nd heights 326' of the reflective field R which functions as a 
spacer as s;hown in drawing 34 (a) and (b), further reduction of a manufacturing cost can be aimed at. 
Moreover, if the 2nd heights 326 formed in the transparency field T are formed lower .than 2nd heights 
326' of the reflective field R which functions as a spacer as shown in drawing 35 (a) and (b), since the 
liquid crystal molecule's existence probability for the area of the inclination side face of heights to 
become small, and to cause optical leakage will become low, a contrast ratio improves. Since the 1st 
heights 316 can be formed in the process which forms opening 313a in an insulator layer 313 as were 
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• fehown in drawing 3636 (a) and (bX and it already said that the 1st heights 316 formed in the TFT . 
substrate side are arranged to the transparency, field T, further reduction of a manufacturing cost can 
be aimed al. . - * < . 

[0151] At drawing 27 t drawing 36 , although the. case where the. area of the transparency .fieljd^^^ was 
larger than the area of the reflective field R was. shown in each picture element field, of course, it 
cannot be overemphasized like the mold liquid crystal displays 300J and 300K in two ways.shpwn in 
drawing 37 and drawing 38 that the area of the reflective field R may. be larger than the area of the 
transparency field T. As shown in drawing 37 (a):and (b), two reflective fields R may be arranged so that 
it may face across the transparency field, T, and. as shown in drawing 38 (a) and (b), the transparency 
field T may be arranged at the end of a picture element field. What is necessary is just to opt for 
arrangement of the reflective .field R . according to arrangement of the element which does not penetrate 
light, such as wiring (scan, wiring, signal wiring, auxiliary capacity wiring, etc.) and TFT., Since the field in 
which the/element which does not penetrate light is formed cannot be used as a transparency field T, it 
can expand the area of the substantial picture element field which can be used for a display by forming 
the reflective field R in the field in which the element which does not.penetrate light is formed. 
[0152] Other mold liquid crystal displays 300L and 300M in two ways equipped with two reflective fields 
R arranged so that the transparency field T may be inserted into drawing 39 and drawing 40 , in the, 
picture element field are shown typically. 

[0153] drawing 39 ; — (— a — ) — : and — (~ b — ) — having been shown — two vyays — a mold ~ a 
liquid crystal display — 300:^ — L — transparency — a field — T and — two,— a ** — reflection — 
a field — R — respectively — alike — opposite — a substrate — a side — forming — haying had : — 
the — two — heights — 326 — 326 — ' — having **** — one side — reflection^ — a, field — R — 
forming — having had — the — two — heights — 326 . — ' — as a spacer — functioning . . 
[0154] Mold liquid crystal display in two ways 300L shown in drawing 40 (a) and (b) has 2nd heights. 326' 
formed in the opposite substrate side to one reflective field R while having the 1st heights 3 16. formed in 
the TFT substrate side to the transparency field T. 2nd heights 326' formed in one reflective field R 
functions: also as a spacer. Thus, the heights of the reflective field R of another side- are omitted, and if 
the 1st heights 31 6 formed in the TFT substrate side are arranged to the transparency field T, , . 
improvement, in a numerical aperture and reduction of a manufacturing cost can be aimed . at. 
[0155] la addition, in explanation of the operation gestalt mentioned- above, as heights formed on a 
substrate; although truncated-cone-like heights were illustrated, the configuration of heights. is not. 
limited to this. Heights 16' whose cross-section configuration where the substrate side as shovyn in . 
drawing 41 (a), (b), and (c) was met is an abbreviation cross-joint form may be used.^ 
[0156] Heights 16' shown in drawing 41 (a), (b), .and (c) has 16s of inclination side faces, and 16t of top 
faces, and 16s of inclination side faces inclines at the include angle theta to the front face (parallel to 
the front face of a substrate 11) of the picture element electrode 12. Of course, there may not be. 16t of 
top faces. 

[0157] Since the area of 16s of inclination side faces in which a cross-section configuration does 
orientation restraining force to the liquid crystal molecule 31 of the liquid crystal layer 30 compared with 
the heights which occupy a comparable area in an approximate circle form is large, heights 16' whose 
cross-section configuration is an abbreviation cross-joint form discovers bigger orientation restraining 
force to the liquid crystal molecule.31. Therefore, if the cross-section configuration shown in drawing 41 
R> 1 (a), (b), and (c) uses heights 16' of an abbreviation cross-joint form, radial inclination orientation 
will be stabilized more and the speed of response at the time of impressing an electrical potential 
difference will improve. 

[0158] The speed of response of the liquid crystal display equipped with heights 16' whose liquid crystal 
display and cross-section configuration which equipped drawing 42 with the. heights whose cross- 
section configuration is ah approximate circle form are an abbreviation cross-joint form is shown. 
Drawing 42 R> 2 is a graph by which eel thickness (micrometer) is shown on an axis of abscissa, and a 



-25- 



" speed of response (msec) is shown on an axis of ordinate. O in drawing 42 shows the case where a 
cross-section configuration is an approximate circle form, and + shows the case where a cross-section 
configuration is an abbreviation cross-joint form. As shown in drawing 42 , the direction in case a cross- 
section configuration is an abbreviation cross-joint form has a speed of response quicker than the case 
where a cross-section configuration is an approximate circle form. 

[0159] Of course, if size of heights is enlarged, since the area of an inclination side face also becomes 
large, orientation restraining force can be enlarged also by enlarging size of heights, but since the area 
' which heights occupy in a picture element field will also become large if size of heights is enlarged, the 
area of the field used for the display of a picture eleiment field becomes small, and a numerical aperture 
falls. On the other hand, if a cross-section configuration is made into an abbreviation cross-joint form, 
since area of an inclination side face can be enlarged without enlarging area which heights occupy 
compared with the case where a cross-section configuration is an approximate circle form, orientation 
restraining force over the liquid crystal molecule 31 can be enlarged, without reducing a numerical 
aperture. 

[0160] Moreover, directivity can be given to a liquid crystal molecule's which carries out orientation's 
along with each of all direction of azimuth existence probability when a cross-section configuration uses 
heights 16' of an abbreviation cross-joint form. Therefore, when a cross-section configuration uses 
heights 16' of an abbreviation cross-joint form for the liquid crystal display equipped with the polarizing 
plate, while permeability improves and a brighter display is realized by optimizing the arrangement 
relation between the polarization shaft orientations of a polarizing plate, and the direction where a cross 
joint is prolonged, a contrast ratio improves. Hereafter, it explains in more detail. 

[0161] When the cross-section configuration of heights is an approximate circle form, the transparency 
directivity on the strength to applied voltage (V) in case the cross-section configuration of heights is an 
abbreviation cross-joint form is shown in drawing 43 . The broken line in drawing 43 shows transparency 
directivity on the strength in case a cross-section configuration is an approximate circle form, and the 
continuous line shows transparency directivity on the strength in case a cross-section configuration is 
an abbreviation cross-joint form. When transparency directivity on the strength makes 1+ transparency 
reinforcement in arrangement with the polarizing plate of the pair prepared in the cross Nicol's prism 
condition and transparency reinforcement when rotating 45 degrees of polarization shafts from the 
arrangement is made into Ix, it is expressed with I+/(I++Ix). When the cross-section configuration of 
heights is an abbreviation cross-joint form, transparency reinforcement when the polarization shaft 
orientations of a polarizing plate are in agreement in the direction in which a cross joint is prolonged is 
made into I+. When transparency directivity on the strength is set to 0.5 when the liquid crystal 
molecule is carrying out orientation by the equivalent probability to all the direction of an azimuth, and 
perfect division orientation is made, transparency directivity on the strength is set to 0 or 1. 
[0162] When the cross-section configuration of heights is an approximate circle form, transparency 
directivity on the strength is about 0.5 regardless of applied voltage, as shown in drawing 43 . This is 
because a liquid crystal molecule carries out orientation by the equivalent probability to all the direction 
of an azimuth at the time of no electrical-potential-difference impressing and electrical-potential- 
difference impression, when a cross-section configuration is an approximate circle form. 
[0163] On the other hand, when the cross-section configuration of heights is an abbreviation cross-joint 
form, as shown in drawing 43 , when a sufficiently big electrical potential difference is impressed, it is 
larger [ transparency directivity on the strength is smaller than 0.5 at the time of no electrical- 
potential-difference impressing and ] than 0.5. If this makes in agreement with the direction where a 
cross joint is prolonged the polarization shaft orientations of the polarizing plate arranged at the cross 
Nicol's prism condition, it can realize a darker black display and a brighter white display, and means that 
a contrast ratio can be improved. This reason is explained below. 

[0164] First, why a darker black display is realized is explained, referring to drawing 44 (a), (b), and (c). 
Drawing 44 (a), (b), and (c) are drawings showing typically the orientation condition of the liquid crystal 



-26. 



' rnolecule 31 at the time of no electrical-potential-difference impressing, drawing 44 — ( — a — ) — a 
cross section — a configuration — abbreviation — a cross joint — a form — heights — 16 — ' — 
preparing — having — **** — a case — being shown — a plan — it is — drawing 44 — ( — b --) — a 
cross section — : a configuration — an approximate circle — a form — heights — 16 — preparing — . 
having — **** — a case — being shown — a plan — it is — drawing 44 — (— c — ) ~ drawing 44 — 
( — a — ) — and — ( — b — ) — 44 — C - 44 — C — ' — a line — having met — a sectional view — 
corresponding . . 

[0165] Since the liquid crystal molecule 31 which carried out inclination orientation according to the . 
achoring effectiveness of 16s of inclination side faces exists at the time of no electrical-potential- 
difference, impressing as shown in drawing 44 (c), optical leakage may. take place according to the 
birefringence eiPFectiveness of such a liquid crystal molecule 31 that is carrying out inclination 
orientation. 

[0166] When a cross-section configuration is an abbreviation cross-joint form, as shown in drawing 44 
(aX the direction of an azimuth of the direction of orientation of the liquid crystal molecule 31 which 
carries out inclination orientation is parallel or perpendicular to the direction (the 1st direction FD which 
carries out an abbreviation rectangular, cross mutually; and the 2nd direction SD) where a cross joint is 
' prolonged at the time of no electrical-potential-difference impressing. Therefore, if the polarization shaft 
orientation of a polarizing plate is made in agreement with the direction where a cross joint is prolonged, 
to the polarization shaft of a polarizing plate, as for parallel or the liquid crystal molecule 31 which is 
carrying out inclination orientation at the time of no electrical-potential-difference impressing since it 
becomes perpendicular, the direction of an azimuth of the direction of orientation of the liquid crystal 
molecule 31, which carries out inclination orientation at the time of no electrical-potential— difference 
impressing will not give phase contrast to incident light, but generating of optical leakage will be 
controlled. 

[0167] On the other hand, when a cross-section configuration is an approximate circle form, as shown in 
drawing 44 . (b). since orientation of the liquid crystal molecule 31 which carries out inclination orientation 
in response to the effect of 16s of inclination side faces is carried out by the equivalent probability to all 
the direction of an azimuth, however it may set up the polarization shaft orientations of a polarizing 
plate, the liquid crystal molecule which is carrying out orientation will exist in the direction which inclined 
to the polarization shaft. Therefore, optical leakage may occur. 

[0168] As mentioned above, by optimizing the polarisation shaft orientations of a polarizing plate as a 
cross-section configuration is an abbreviation cross-joint form, generating of optical leakage at the time 
of no electrical-potential-difference impressing can be controlled, and a darker black display can be 
realized. 

[0169] Next, why a brighter white display is attained is explained, referring to drawing 45 (a) and (b). 
Drawing 45 (a) and (b) are drawings showing typically the orientation condition of the liquid crystal 
molecule 31 at the time of electrical-potential-difference impression. Drawing 45 (b) is a plan in which 
drawing 45 (a) shows the case where a cross-section configuration is the plan showing the case where 
the heights 16 of an approximate circle form are formed, and the cross-section configuration is 
established for heights 1 6' of an abbreviation cross-joint form. 

[0170] When the heights 16 of an approximate circle form are formed, the cross-section configuration is 
carrying out orientation of the liquid crystal molecule 31 of about 16s of inclination side faces by the 
equivalent probability to all the direction of an azimuth in response to the orientation restraining force 
(the achoring effectiveness) of 16s of inclination side faces at the time of no electrical-potential- 
difference impressing, as shown in drawing 44 (b). Therefore, if an electrical potential difference is 
^ impressed to the liquid crystal layer 30, the surrounding liquid crystal molecule 31 will fall in the 
direction of orientation of the liquid crystal molecule 31 which inclined in response to the orientation 
restraining force of 16s of inclination side faces, and the direction to adjust, and as shown in drawing 45 
(a), orientation of the liquid crystal molecule 31 of the liquid crystal layer 30 will be carried out by the 
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' equivalent probability to all the direction of an azimuth. 
[0171] On the other hand, the direction of an azimuth of the direction of orientation of the liquid crystal 
molecule 31 in which a cross-section configuration carries out inclination orientation at the time of no 
electrical-potential-difference impressing when heights 16' of an abbreviation cross-joint form is 
prepared is parallel or perpendicular to the direction (the 1st direction FD which carries out an 
abbreviation rectangular cross mutually, and the 2nd direction SD) where a cross joint is prolonged, as 
shown in drawing 44 (a). So, when an electrical potential difference is impressed to the liquid crystal 
layer 30, as the surrounding liquid crystal molecule 31 falls in the direction of orientation of the liquid 
crystal molecule 31 which inclined in response to the orientation restraining force of 16s of inclination 
side faces, and the direction to adjust, consequently it is shown in drawing 45 (b), a liquid crystal 
molecule's 31 which carries out orientation's along direction which makes about 45-degree angle's to 
direction where cross joint's is prolonged existence probability becomes comparatively high. Therefore, 
so that the polarization shaft orientations of the polarizing plate of a pair and the direction where a 
cross joint is prolonged may be in agreement Namely, in parallel [ one polarization shaft of the polarizing 
plate of a pair ] with the 1st direction FD, so that the polarization shaft of another side of the polarizing 
plate of a pair may become the 2nd direction SD and parallel Since the liquid crystal molecule's 31 which 
carries out orientation's along direction which makes about 45-degree angle's to polarization shaft of 
polarizing plate existence probability is comparatively high when the polarizing plate of a pair is arranged, 
the permeability of light improves. 

[0172] As mentioned above, by optimizing the polarization shaft orientations of a polarizing plate as a 
cross-section configuration is an abbreviation cross-joint form, the permeability of the light at the tirne 
of electrical-potential-difference impression can be raised, and a brighter white display can be realized. 
[0173] in addition — a cross section — a configuration — abbreviation — a cross joint — a form — 
heights — 16 — ' — ****** — drawing 41 — ( — a — ) — and — ( — b — ) — setting — a straight line 
— ** — the side — from — constituting — having had — abbreviation — a cross joint — a form — a 
cross section — a configuration — having — heights — 16 — * — having been shown — although — of 
course — this — limiting — not having — a curve — ** — the side — containing — constituting — 
having had — abbreviation — a cross joint — a form — a cross section — a configuration — it is — 
even if — a **** — effectiveness — obtaining — having . it is shown in drawing 46 (a) — as — four 
quadrants — you may be the abbreviation cross-joint form constituted including the circular side, and it 
is shown in drawing 46 (b) — as — four quadrants — you may be the abbreviation cross-joint form 
which consisted of only the circular sides. It is desirable that it is the abbreviation cross-joint form 
which consisted of the istraight-line-like sides where orientation restraining force was shown in drawing 
41 (a) and (b) from a viewpoint to enlarge, without reducing a numerical aperture. 

[0174] A cross-section configuration explains the mold liquid crystal display in two ways to an example 
for the example of arrangement of the heights of an abbreviation cross-joint form. In addition, in the 
following explanation, although the case where a cross-section configuration prepares the heights of an 
abbreviation cross-joint form on an opposite substrate is explained, of course, you may prepare on a 
TFT substrate, and a cross-section configuration may use combining the heights of an approximate 
circle form etc. so that it may mention later. 

[0175] for example, like the mold liquid crystal displays 290a and 290b in two ways shown in drawing 47 
(a) and (b) Like the mold liquid crystal displays 290c and 290d in two ways which may prepare heights 
226' on an opposite substrate in the field corresponding to a transparency field (212t of transparent 
electrodes), and are shown in drawing 48 (a) and (b) Heights 226' on an opposite substrate may be 
prepared so that it may be shared by both a transparency field (21 2t of transparent electrodes), and the 
reflective field (reflector 21 2r). The arrangement shown in drawing 47 (a) and (b) from a viewpoint of a 
numerical aperture is desirable, and the arrangement shown in drawing 48 (a) and (b) from a viewpoint 
which enlarges orientation restraining force and raises a speed of response is desirable. 
[0176] Moreover, as shown in drawing 47 (a) and drawing 48 (a), may prepare heights 226' so that the 
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'direction where a cross joint is prolonged to the side which specifies a picture element field may 
become perpendicular or parallel, and Although heights 226' may be prepared so that, the direction where 
a cross joint is prolonged to the side which specifies a picture element field may incline (for example, . 
the include angle of about 45 degrees is made like) as shown in drawing 47 (b) and drawing 48 (b), it also 
sets to arrangement! which ]. Permeability and a contrast ratio can be raised by making the polarization 
shaft orientations of a polarizing plate in agreement with the direction where a cross joint is prolonged. 
Conversely, if it says, when arrangement of a polarizing. plate has constraint, permeability can be raised 
by optimizing arrangement (direction where. a cross joint is prolonged) of heights, 226'. 
[0177] The concrete structure of the mold liquid crystal displays 330 and 340 in two ways where the 
cross-section configuration equipped the opposite substrate side with heights 326' of an abbreviation 
cross-joint form is explained referring to drawing 49 , drawing 50 , and drawing 51 . Drawing 49 is the 
plan showing typically the mold liquid crystal display 330 in two ways, drawing 50 is equivalent to the 
sectional view which met the 50A-50A' line in drawing 49 , and drawing 51 is the plan showing typically 
the mold liquid crystal display 340 in two ways. In addition, in the following explanation, the component 
of the mold liquid crystal displays 300 and 310 in two ways shown in drawing 23 , drawing 24 , and 
drawing 25 and the component which has the same function substantially are shown using the same 
reference mark, and the explanation is omitted. 

[0178] The mold liquid crystal displays 330 and 340 in two ways shown in drawing 49 , drawing 50 , and 
drawing 51 have two transparency fields T in a picture element field, and heights 326' of an abbreviation 
cross-joint form is formed for the cross-section configuration on the counterelectrode 322 so that it 
may be located in each center. 

[0179] The mold liquid crystal display 330 in two ways shown in drawing 49 and drawing 50 The mold 
liquid crystal display 340 in two ways shown in drawing 51 to the direction where a cross joint is 
prolonged to the side which specifies a picture element field having a perpendicular or heights 326' 
prepared so that it might become parallel It differs in the point of having heights 326' prepared so that 
the direction where a cross joint is prolonged to the side which specifies a picture element field might 
incline (for example, the include angle of about 45 degrees is made like). 

[0180]Jn the mold liquid crystal displays 330 and 340 in two ways shown in drawing 49 , drawing 50 , and 
drawing 51 . although heights 326' is prepared in the transparency field T, of course, heights 326' may be 
prepared in the reflective field R, and heights 326' may be prepared like the mold liquid crystal display 
350 in two ways shown in drawing 52 , drawing 53 (a), and (b) so that it may be shared by both the 
transparency field T and the reflective field R. 

[0181] moreover, the heights 326 which adjoined like the mold liquid crystal display 360 in two ways 
which may prepare heights 326' which became independent, respectively like the mold liquid crystal, 
display 350 in two ways shown in drawing 52 , drawing 53 (a), and (b), and is shown in drawing 54 — 
'(heights 326' formed in other picture element fields is included) the heights 326 by which comrades 
were formed in one' may be formed. 

[0182] In addition, in above-mentioned explanation, although the cross-section configuration explained 
the case where only the heights of an abbreviation cross-joint form were prepared, of course, it is not 
limited to this, but a cross-section configuration may use combining the heights of an abbreviation 
cross-joint .form, and the heights of other cross-section configurations. Moreover, although the case 
where the heights of an abbreviation cross-joint form were formed in one substrate (opposite substrate) 
side for a cross-section configuration, and heights were not formed in the substrate (TFT substrate) 
side of another side in above-mentioned explanation was explained Of course, it is not limited to this, 
but the cross-section configuration formed in one substrate side may use combining the heights of an 
abbreviation cross-joint form, and the heights formed in the substrate side of another side. 
[0183] A cross-section configuration shows the liquid crystal display 190 with which the 1st heights 16 
and the cross-section configuration of an approximate circle form are equipped with 2nd heights 26' of 
an abbreviation cross-joint form typically to drawing 55 (a) and (b). Drawing 55 (a) is the plan showing 



-29- 



' the liquid crystal table display 190 typically, and drawing 55 (b) is equivalent to the sectional view which 
met the 55B-55B' line in drawing 55 (a). ^ 

[0184] The liquid crystal display 190 has two or more 1st heights 16 formed in the liquid crystal layer 30 
side of the TFT substrate 10, and two or more 2nd heights 26' formed in the liquid crystal layer 30 side 
of the opposite substrate 20. The 1st heights 16 have the cross-section configuration of an approximate 
circle form', and 2nd heights 26' has the cross-section configuration of an abbreviation cross-joint form. 
[0185] As shown in drawing 55 (aX the 1st nine heights 16 are arranged so that four tetragonal lattices 
may be formed, and 2nd heights 26' is located at each core of four tetragonal lattices. Furthermore, four 
2nd heights 26' also forms the tetragonal lattice; The radial inclination orientation of the liquid crystal 
domain where a cross-section configuration is formed in the liquid crystal layer 30 at the time of 
electrical-potential-difference impression by arranging the 1st heights 16 and 2nd heights 26' in this way 
also when the 1st heights 16 and the cross-section configuration of an approximate circle form use 
combining 2nd heights 26' of an abbreviation cross-joint form is stabilized further. 
[0186] A cross-section configuration shows the mold liquid crystal display 370 in two ways with which 
the 1st heights 316 and the cross-section configuration of an approximate circle form are equipped with 
2nd heights 326' of an abbreviation cross-joint form typically to drawing 56 . 

[0187] The mold liquid crystal display 370 in two ways shown in drawing 56 has two transparency fields 
T, and 2nd heights 326' of an abbreviation cross-joint form is formed for the cross-section configuration 
on the counterelectrode 322 so that it may be located in each center. The 1st heights 316 currently 
formed in the TFT substrate side are formed outiside a picture element field, and are prepared in the 
field corresponding to signal wiring 343 and the scan wiring 344. As shown in drawing 56 , while the 1st 
six heights 16 are arranged so that two tetragonal lattices may be formed, 2nd heights 26' is located at 
each.core of two tetragonal lattices, and radial inclination orientation is further stabilized by that. 
[0188] (Arrangement of a polarizing plate and a phase contrast plate) The so-called perpendicular 
orientation mold liquid crystal display with which the liquid crystal molecule which has a negative 
dielectric constant anisotropy is equipped with the liquid crystal layer which carries out perpendicular 
orientation at the time oT no electrical-potential-difference impressing can be displayed with various 
display modes. For example; it is applied also to the display mode which combined the rotatory-, 
polarization mode, rotatory-polarization mode, and birefringence mode other than the birefringence 
mode displayed by controlling the rate of a birefringence of a liquid crystal layer by electric field. The 
liquid crystal display in birefringence mode can be obtained by preparing the polarizing plate of a pair in 
the outside (the liquid crystal layer 30 and opposite side) of the substrate (for example, a TFT- substrate 
and an opposite substrate) of the pair of all the liquid crystal displays explained with the previous 
operation gestalt^n 1 and 2. Moreover, a phase contrast compensation component (typically phase 
contrast plate) may be prepared if needed. Furthermore, even if it uses approximate circle polarization, a 
bright liquid crystal display can be obtained. 
[0189] 

[Effect of the Invention] According to this invention, the display grace of the liquid crystal display which 
has the conventional extensive viewing-angle property can be further improved by raising the stability of . 
the orientation of the liquid crystal domain which has radial inclination orientation. Furthermore, even if 
radial inclination orientation collapses according to external force, the reliable liquid crystal display with 
which radial inclination orientation may be restored easily is offered. 
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• NOTICES * . . 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not rdflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the structure of one picture element field of the liquid crystal 
display 100 of the operation gestalt 1 by this invention, and is the sectional view where (a) met the plan 
and (b) met the IB-IB' line in (a). 

[Drawing 2] It is the fragmentary sectional view of other liquid crystal displays 110 of the operation 
gestalt 1, and (a) is drawing in which (b) shows typically the orientation condition of the liquid crystal 
molecule 31 at the time of electrical-potential-difference impression (halftone electrical potential 
difference) at the time of no electrical-potential-difference impressing. 

[Drawing 3] It is drawing showing typically the structure of one picture element field of other liquid 
crystal displays 120 of the operation gestalt 1, and is the sectional view where (a) met the plan and (b) 
met the 3B-3B' line in (a). 

[Drawing 4] It is drawing showing typically the structure of one picture element field of other liquid 
crystal displays 130 of the operation gestalt 1, and is the sectional view where (a) met the plan and (b) 
met the 4B-4B' line in (a). 

[Drawing 5] It is drawing showing typically the structure of one picture element field of other liquid 
crystal displays 150 of the operation gestalt 1, and is the sectional view where (a) met the plan and (b) 
met the 5B-5B' line in (a). 

[Drawing 6] It is drawing having shown the electric field generated when an electrical potential 
difference is impressed to the liquid crystal layer 30 shown in drawing 5 (b) using the equipotential line 
EQ. 

[Drawing 7] (a) - (d) is a mimetic diagram for explaining the orientation restraining force by the electric 
field which act on the liquid crystal molecule 31. 

[Drawing 8] It is the fragmentary sectional view of a liquid crystal display 150, and (a) is drawing in which 
(b) shows typically the orientation condition of the liquid crystal molecule 31 at the time of electrical- 
potential-difference impression (halftone; electrical potential difference) at the time of no electrical- 
potential-difference impressing. 

[Drawing 9] It is the mimetic diagram showing the orientation condition of the liquid crystal molecule 31 
seen from the substrate top face of a liquid crystal display 150, and (a) shows electrical-potential- 
difference the condition of not impressing, and (b) shows an electrical-potential-difference impression 
condition. 

[Drawing 10] (a) - (c) is drawing for explaining the arrangement relation of the heights 16 and opening 
12a which are used for the liquid crystal display of this invention. 

[Drawing 1 11 It is drawing showing typically the structure of one picture element field of other liquid 
crystal displays 160 of the operation gestalt 1, and is the sectional view where (a) met the plan and (b) 
met the 1 1 B-1 1 B' line in (a). 

[Drawing 121 It is the mimetic diagram showing the orientation condition of the liquid crystal molecule 31 
seen from the substrate top face when impressing an electrical potential difference to the liquid crystal 
layer 30 of a liquid crystal display 160. 

[Drawing 13l It is drawing showing typically the structure of one picture element field of other liquid 
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'crystal displays 170 of the operation gestalt 1, and is tlie sectional view wliere (a) met the plan and (b) 
met the 13B-13B' line in (a). 

[Drawing 14] It is drawing having shown the electric field generated when an electrical potential 
difference is impressed to the liquid crystal layer 30 shown in drawing 13 (b) using the equipotential line 
EQ. 

[Drawing 15] It is the mimetic diagram showing the orientation condition of the liquid crystal molecule 31 
seen from the substrate top face when impressing an electrical potential difference to the liquid crystal 
layer 30 of a liquid crystal display 170. * 

[Drawing 16] It is drawing showing typically the structure of one picture element field of other liquid 
crystal displays 180 of the operation gestalt 1, and is the sectional view where (a) met the plan and (b) 
metthe 16B-16B' line in (a). 

[Drawing 17] operation — a gestalt — two — two ways — a mold — a liquid crystal display — 200 — 
and — 200 — * — one — a ** — a picture element — a field — structure — typical — being shown - 
- drawing — it is — ( — a — ) — two ways — a mold — a liquid crystal display — 200 — a plan — ( — 
b — ) — two ways — a mold — a liquid crystal display — 200 — ' — a plan. — ( — c — ) — ( — a : — ) — 
and — ( — b — ) — inside — 17 — C-17 — C — ' — a line — having met — a sectional view — it is . 
[Drawing 18] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal displays 210 in two ways of the operation gestalt 2. and is the sectional view where (a) met 
the plan and (b) met the 18B-18B' line in (a). 

[Drawing 19] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal displays 220 in two ways of the operation gestalt 2. and is the sectional view where (a) met 
the plan and (b) met the 19B-19B' line in (a). 

[Drawing 20] (a) is the plan of the mold liquid crystal display 210 in two ways, and (b) is the plan of the 
mold liquid crystal display 220 in two ways. 

[Drawing 21] (a) ~ (d) is the plan showing typically the structure of one picture element field of other 
mold liquid crystal displays 240, 250; 260, and 270 in two ways of the operation gestalt 2. 
[Drawing 22] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal displays 280 in two ways of the operation gestalt 2, and is the sectional view where (a) met 
the plan and (b) met the 22B-22B' line in (a). 

[Drawing 23] It is the plan showing typically the structure of one picture element field of other mold 
liquid crystal displays 300 in two ways of the operation gestalt 2. 

[Drawing 24] It is the plan showing typically the structure of one picture element field of other mold 
liquid crystal displays 310 in two ways of the operation gestalt 2. 

[Drawing 25] It is the sectional view which met the 24A-24A' line in drawing 23 which shows typically 
the structure of one picture element field of the mold liquid crystal display 310 in two ways. 
[Drawing 26] It is the plan showing typically the structure of one picture element field of other mold 
liquid crystal displays 320 in two ways of the operation gestalt 2. 

[Drawing 27] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal display in two ways 300A of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 28] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal display in two ways 300B of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 29] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal display in two ways 300C of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 30] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal display in two ways 300D of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 
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' [Drawing 31] It is the mimetic diagram showing the orientation condition of the liquid crystal molecule 31 
when impressing an electrical potential difference to the liquid crystal layer 330 of mold liquid crystal 
display in two ways 300D. 

[Drawing 32] It is drawing showing typically the structure of one picture element field of other mold, 
liquid crystal . display in two ways 300E of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 33] It is drawing showing typically the structure of other one picture element field of mold 
liquid crystal display in two. ways 300F of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 34] It is drawing showing typically the structure of other one picture element field of mold 
liquid crystal display in two ways 300G of the operation gestalt/2, and (a) is a plan and(b) is a sectional 
view. 

[Drawing 35] It is drawing showing typically the structure of other one picture element field of mold 
liquid crystal display in two ways 300H of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 36] It is drawing showing typically the structure of one picture element field of other mold . 
liquid crystal display in two ways 3001 of the operation gestalt 2. and (a) is a plan and (b) is a sectional 
view. 

[Drawing 37] It is drawing showing typically the structure of other one picture element field of mold 

liquid crystal display in two ways 300J of the operation gestalt 2, and (a) is a plan and (b) is a sectional 

view. s. . . 

[Drawing 38] It is drawing showing typically the structure of other one picture element field of mold 

liquid crystal display in two ways 300K of the operation gestalt 2, and (a) is a plan and (b) is a sectional 

view. 

[Drawing 39] It is drawing showing typically the structure of one picture element field of other mold 
liquid crystal display in two ways 300L of the operation gestalt 2, and (a) is a plan and (b) is a sectional 
view. 

[Drawing 40] It is drawing showing typically the structure of other one picture element field of mold 
liquid crystal display in two ways 300M of the operation gestalt 2. and (a) is a plan and (b) is a sectional 
view. 

[Drawing 41] this invention — depending — a liquid crystal display — using — having — others — 
heights — 16 — ' — typical — being shown — drawing — it is — ( — a — and — ( — b — ) — a 
plan — ( — c — ) — ( — a — ) — and — ( — b — ) — inside — 41 — C - 41 — C — ' — a line — 
having met — a sectional view — it is . 

[Drawing 42] A liquid crystal display and a cross-section configuration equipped with the heights whose 
cross-section configuration is an approximate circle form are the graph which shows the speed of 
response of the liquid crystal display equipped with the heights which are abbreviation cross-joint forms. 
[Drawing 43] When the cross-section configuration of heights is an approximate circle form, it is the. 
graph which shows the transparency directivity on the strength to applied voltage (V) in case the cross- 
section configuration of heights is an abbreviation cross-joint form. 

[Drawing 44] It is drawing showing typically the orientation condition of the liquid crystal molecule 31 at 
the time of no electrical-potential-difference impressing, and, for (a), the plan showing the case where 
the heights of an approximate circle form are prepared, and (c of the plan in which a cross-section 
configuration shows the case where the heights of an abbreviation cross-joint form are prepared, and 
(b)) are the sectional views where the cross-section configuration met the 44C-44C' line of (a) and (b). 
[Drawing 45] It is drawing showing typically the orientation condition of the liquid crystal molecule 31 at 
the time of electrical-potential-difference impression, and, for (a), the plan in which a cross-section 
configuration shows the case where the heights of an approximate circle form are prepared, and (b) are 
plans in which a cross-section configuration shows the case where the heights of an abbreviation 
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cross-joint form are prepared. 

[Drawing 46l^ (a) And (b) is the plan showing other heights 16' in the pan used for the liquid crystal 
display by this invention typically. 

[Drawing 47] It is drawing showJng typically the structure of one picture element field of other mold 
liquid crystal displays 290a and 290b in two ways of the operation gestalt 2, and (a) is the plan of mold 
liquid crystal display in two ways 290a, and (b) is the plan of mold liquid crystal display in two ways 290b. 
[Drawing 48] It is drawing showing typically the structure of one other mold liquid crystal displays [ of 
the operation gestalt 2 / in two ways / 290c apd 290d ] picture element field, and (a) is the plan of mold 
liquid crystal display in two ways 290c, and (b) is the plan of 290d of mold liquid crystal displays in two 
ways. 

[Drawing 49] It is the plan showing typically the structure of one picture element field of other mold 
liquid crystal displays 330 in two ways of the operation gestalt 2. 

[Drawing 50] It is the sectional view which met the 50A-50A' line in drawing 49 which shows typically 
the structure of one picture element field of the mold liquid crystal display 330 in two ways. 
[Drawing 51] It is the p\an showing typically the structure of one picture element field of other mold 
liquid crystal displays 340 in two ways of the operation gestalt 2. 

[Drawing 52] It is the plan showing typically the structure of one picture element field of other mold 
liquid crystal displays 350 in two ways of the operation gestalt 2. 

[Drawing 53] It is the sectional view showing typically the' structure of one picture element field of the 
mold liquid crystal display 350 in two ways, and the sectional view where (a) met the 53A-53A' line in 
drawing 52 , and (b) are the sectional views which met the 53B-53B' line in drawing 52 . 
[Drawing 54] It is the plan' showing typically the structure of one picture element field of other mold 
liquid crystal displays 360 in two ways of the operation gestalt 2. 

[Drawing 55] It is drawing showing typically the structure of one picture element field of the liquid 
crystal display 190 of other operation gestalten by this invention, and is the sectional view where (a)^ 
met the plan and (b) met the 55B-55B' line in (a). 

[Drawing 56] It is the plan showing typically the structure of one picture element field of the mold liquid 
crystal display 370 in two ways of other operation gestalten by this invention. 
[Description of Notations] 

10 TFT Substrate 

11 Glass Substrate 

1 2 Picture Element Electrode 
16 16' Heights 

16s Inclination side face 
1 6t Top face 

20 Opposite Substrate 

21 Glass Substrate 

30 Liquid Crystal Layer 

31 Liquid Crystal Molecule 
100 Liquid Crystal Display 



[Translation done.] 
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mfim^nxi^^t. &Lm\z^?>m&^^(D^\^(Dyfm 
mm^ji^mzn^-^nho 
[0 0 4 8] :^mMiz^^tm^»^^m.(Dmm^w^ 

30 Wi^mm\zmm-r^z tiz^-:>x. 

[0 0 4 9] 

[0 0 5 0] mmmmi) ^mmzx^m^^yrsmm. 

VvyVT.^ (TFT) SrfflI.^/t7^7^^'-/Vh'J^;^ 

^mm\zmmT^ztA^x^^. ^tz. jwtt«. 

^^^mii^nizm^nr. mi^K^mmmm^m^mm. 
"^KMmm^n^mmizmmr^ ztti^x-^^o 

[0 0 5 1 ] rm, :^mmmm\ziii^xit. s^oft/h 
mitx$>^ r^^j iz^amr^m^Bm^^iMmoymm^ 

r^mmm tms, tiy-m^B^^mm.izi5\^^xii. 

R, G. B(D Ti^^j dtlo© rg^j iZ^fC^t^, 
50 TiJ^T^^-yvhUi^XSj^S^^SStiilV 
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izai^^Tit. 7.hy^-:^mzmn^n^mmmt. mm. 
fyy^-^h ^) i7 7.(Dmamz^!t>.-t^mm^i^mmm 

\zMl&-t^ctizti^, 
[0 0 5 2] SI (a) id^ZS (b) €r#HSLi^*^f., 

:^mM\z^?}mmmm i (DmmmTnmm i o o cd i 

mi (b) ttEIl (a) cfOlB-lB' ISlcriiorcKff 

ffinicffl^-r-i), 01 (b) it. j^astcmiE^Eninu 

[0 0 5 33 0 0«, Ti^^^^-:/-?!-!; 

(filT TTFTSffij tW-Z^o ) 1 Ot. *fri^ 

( ft)y-y^)\'^mmi th^zo 2ot. tf 

OtSrWLTVi«). JSliH 3 0 ©JKS^i-^ 3 1 tt. 

o<Dm^m3 om<Dmmizmifibnrzmm.M\^m (^m 

Ell (b) tS5LfcJ:5tc, SitBBl6)M©«Btc*f 

4^^f::d&^<!:i^^, {EL, mmm\^^m\z&^m^m3 

[0 0 5 4] m^m^^m 1 0 0 CDT F TS® 1 0 

SB>«s« 1 1 t^<D»mizm^^ 

mmw. {m^\i:^yxmm) 2 1 t^(Dmmizm^-^n 

^^^c^^n^i]-r^=t■5^cgB«$n;ti^*«@l 2tni^mm 
2 2i{c:EPSp$nsmmcjti;i;T, i^ig^igErtofl^fa 

^{tir{*u, ?^^B» 3 0 ^SiiTS7t©<l7tt«tSI^»*^ 

[0 0 5 5] m^m^ms 1 0 0 d^w-r sif^mm® 1 2 

ffl'jEi 6 s tmmi 6 1 i:swT-5Rii-&T'£)?>o mm 
mm 1 6 s mmmm 1 2 ©^s (s« 1 1 coastc 



(7) 

[0 0 5 6] ^lOflgBl 6©Sffl«iiEE[^tt^*LT 
(^0^) *^*5^iiKSnTl>S. ) . 01 (b) tC^Lfc 

J: 5 tc, 3 1 mmmm 1 e s *3<ti>']i® 1 

6 t ©7>:tl ij >i'Sll*tC«t-3T, cne>fC*fLT(5(i 
SEHE|fi]-rs. figBl 6©S«1 l(D®fc«iofe»viS 

P1}^T'*^©T (01 (a) #Hg) . difiEl 6 

(fej-r^, ffi®;^gB5^o?ecB^B^i-^3 itt> mumf^^miz 

[0 0 5 7 ] :i©J:^;^£«M©?^rB« 3 0 lr«ffi$rEP]bn 
(c cfc o T J^fig ^ nfcijcl*4^c«#4iHl^ <!: S^-f ^ J; 5 iz. 

i&(om^^^3ii(,mi^ir^<DX\ tkmiKmmi\ii^m 

(Dm^si^^-i ytm^-^n^. '©«^2:02 (a) a 

^ZS (b) $:#BiL.;^i;/5^e.ittBJ-r«., :zz.X. 

3 1 fi, «i±SJJo^^li(c*3iiT«. iti:W^^lcja:3«#b 

iionmrn^m^ mu^m^i^^i ti^sz.tizr 

[ 0 0 5 8 ] E 2 tt, 1 -:>(D^mmmzmfk<DC}^ i e 
^^r^m^m^^^mi i o©gi55^sif®0T$)?>, 02 

(a) itm^mmum, 02 (b) tt«£EfPjns# 

mEJE) ®JSS^}-T3 10Beifi]<^M«:«iCWfC^bTl.i 
•5. 

[0 0 5 9] 112 (a) 'BIE^iEnJpBS 
^ 3 1 tzm^. 1 6 ©^'C^^^fl^tlll S A t VXHM 

^t. 02 (b) (C^bfeJ^^itC, i^^m«l*l©ffi<DfK 

^i^^ti^. {hw>i e^'p'btLxnmmmmmi^izm'^ 

(b) \zi,t. 2-D(D&3i ecD'p'is'^^n'emmms 

izn^msB^m-t^i-zxDmmi^?^^ > f)^^^ ^ nx 
L^i), m^-t^ih^i Q(o<^^\znn^iSB^m'r^WL 
y^ii'S.\zm^-t^tz^\z\-i.. ^t^woas 1 6 

/-f >rBl®JKSiJ-^ 3 10ffi!|6]«jlMT'*i9, 

^> ^n\z^'&fi.m^A^mmm\^^mmrr^z.tifix^ 

[0 0 6 0] >ii3. RI6^Jg®agei <o ^^\^.\^rzti\ 

50 ntt\^^i)\ <k'^tiWLtA^kmmm\^<Dm^\':^^>^m^ ' 
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[0 0 6 1 ] ^fz. 1 6 (Dmmm i e s oymmM 
° ^±8 5° uT<Dmmp^\zSb^z.tmii-^L\.^. tt 

43. mJ£MW-S]a^\zm^X, ffi#4ffliJ® 1 6 s C9T>;^U 
>y55lj*{cJ;oTM#4E[^L^ci«S^>^ 3 1 ©maSrje!) 

f^^:Ltti^$}^fzlt>, diSBl 6CD«^<|iJSl 6 s OMi^ 
5 0° tJlTT^^c:t;OWSLl'i, 

[0 0 6 2] m^Ltzmm^^-r^ih^i 6«S 

^«l#:^fflt^TJ]^fi)o-r-2)<t, OSBl 6(Dffi#4<BMl 6 s 
©7>:t/U >^5e!)S:«CJ;oTgE[S]LTl^^}^a5i-^ 3 1 
O 'J ^' X- V 3 XCS B-r -5 Ttiin # S 1 1 i P 

^7t14#lii^fflti-l)<!:. ^PSBl 2 a^C*^C^bT/^°37- 
Tzmm^mr^ihmi e j^asa o©jf$£i 
TT, mi / Qiix±.(Dmm^\z&^z.t.f)m^v\,^, 

[0 0 6 3] 'A\Z. 0 3 (a) *5j:t>' (b) ^^BSL^j: 

e.J.fc±E0T^D. 03 (b) «. 03 (a) 03B 
-3B' ^lCie-3ycWffi0T'*?)o 

[0 0 6 4] j^SS^Sa 1 2 0 T F TS^ 1 0 W 
Wi^m 3 0fliJfCJ^fi!c$tlfe«IS<7)^ 1 diaS 1 6 tCjDA. 
tmmWL2 0©}Kb^b»3 0{liJt-J^fi£$nAc«^tD^2ifb 
g|52 6 <&*LTliSo H 1 age 1 6 (1, ?^^^^gS 1 

0 OWdhgSl 6 tUKWtClBlUT^O, m2agl52 6« 

[0 0 6 5] 03 (a) (CS^Lfci^lC, 90(D^lCi 

iJD. 4 0©IE:**&^©-^n^'n(7)f 'L>lcm2i£hgl52 6 
*«&StTI/i-5. 4t3©||2 0gB2 6 fciE::^*&^*JgfiS; 
LTI/i^, ^1 digBl 6 <hm2£bgl52 6 t 

5:EB-t-&;ii:»CckoT. fllJIEPDnBtJCfKB^aW 3 0 ICJ^ 

[0 0 6 6] Z.ZX'\t. m2dligi5 2 e^^lCiSB 

1 6 i:|IHWtr(^i;;S$T. l^i;j^i|^(D*)<DSrJK^L;t 
«»JS:^bfc*i, iiH^jET^CifcT^^. flG, ^2 



(8) 

[0 0 6 7] :;j;tc:, 04 (a) (b) $r#ML;^t 

*^*e>. ^ymm i o^wfetsa^ga 13001 o<d^ 

^IIJ^WlSia^mBJTS, 04 (a) «S«fe^;^|S];5^ 
^l,fc±ffi0T'SD. 04 (b) 04 (a) ©4B 
-4 3' i^»Cttto;tfr®0TS-5. 

[0 0 6 8] m^B^^^m. 1 3 0 T F Tss 100 
m^BM zom\zw^f&^nfzm.w<n% 1 aas 1 6 icjax. 
n^mwL2 Q(Dn\pimm2 2\zm^^nfz^^(r>mu^ 

10 2 2 a?&WLTli§. WPgl5 2 2 a«. «mi^ (i?>J^« 

I TOM) t>^i^mm.^ntzn\^m.m2 2(Dn(r)mm.m^ 
w^^ntz^^^mr. midiHisi 6tt, jgc^Ba^gg 

1 0 0©agBi 6 tUMWlcl^CTa^-g). MPgE2 2a 
JK^S^gtt 1 2 0 2 flgP 2 6 <!: 

a®J^4»c*3j:UfBH««, ^2 0815 2 6 <!:|hI^(D*#<£« 
ST-5 3:t*WSL.I/i. giPgB2 2 aO:*:^$Htt!|#{I 
Slll5g«;^!:Vi. ^fz. ^2^35 2 6 tgiPSP2 2 at^Jg 

[0 0 6 9] :k\z. 0 5 (a) :teJ:i; (b) ^^mhts. 

mmm^ 1 (oftfiojKss^ss 1 5 0 © 1 o<Di^ 
mmm(Dmm^mm-r^o 05 (a) itmmm^ijmA^ 
ibRrz±mmx'$>D, m5 (b) 05 (a) o5b 
-5B' mzm-:>ftmmmT$>^, 
[0 0 7 0] z(DmMi^^&m 1 5 0 «, issa^ga 
1 0 o^J:y^2 0 0 iisifiltc. *fr6]»«2 ofi'JictiiJcW 

«;^Tli^i;li*^ TFT*«1 0#J{Cli. flg|5 1 6 ff 
30 T-^J:<i(fe^Sffil 2{C}^fiK3nfeWPg|5l 2 aSrWr 

[0 0 7 1 ] 05 (a) lc^b/iJ;pfc, 9:p(DPp^ 
1 2 a7>Uo©.iE:&*S^^}^fi£-rSJ:'5»CE«$nT*3 

0, ^n^*no PjIp 351 2 arttcfigfi 6 *n t3-r^j^ 
fiK$nTii-5. mn^i 2 a(Dm^mm^^^tzmm-i 

R?^Ta&0> Oa5l 6cp»MtC¥fT;^cWfflJ^^^feRJ^ 
Tibs. *fc, maMl 2 a<Df'btami 6 (Dt^'L-t 

[0 0 7 2] M^bH3 Ol:«^;^)^*Eniin^nTl^7^j:l^« 
40 ^, 05 (b) iZ^Ltz^oiZ, a^l6 

<Dmm(Dm^ii^^fzmmm^m^m\^vxi^i> (7> 

;t7'J>i^H) o z<DVimit, 01 (b) tr^LfcMPg|5 
1 2 a^:fi-L;S;i.^i^^«ffii 2±{c:C]gBi 6^J^fiKbfc 

m-^tmmx'&^o mmmmi 2iii(i\^mm2 2t(Df^ 
\zm.E.^m\i-ri mn^i 2 a<Dmyi^mm\z^it> 

«#4SBi^*^*g^^n^« :i(D^je)e^(Df^fflSr0 6~0 

8 5:#BSLfi*^'^)ei?g-r-5, 

[0 0 7 3] 06«. 05 (b) iZ^Ltzm^m30\Z 
50 «ffi«:31iPbfct#Jr5S±-r?>mi^t*t?«^aillEQ^&ffl 
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fz. f^mmm 1 2 cdmpsb 1 2 a tc*fr£>-r'^®«T'(j^ 

^ji^^. giPHBl 2 a<DX->va5 (BiPgPl 2 a(D^|^ 
WM) ^-^trWagKi 2 aOi^ffliJ^jS) a5i^sS3 0 

fflfi. t^oT, muni 2 a<DX-y vgP±©j^S^i-^ 

tc, Mag|5fe#jx-y-:;gi5T'«Sii#H-lilO:&f^(c, ^n^-' 
tiM^ (iHiiite) L, ^mfi[i^EQ^rw^rBEl^i]-r^. 

[0 0 7 4] ':iT. 0 7 S:#BgLfi/i5?>. f^fB^^T3 

ii-i^t-T'S. h;Ui7;i?{^fflf 5o 07 (a) ir^LfcJ: 
5tc, ?Ka^i-T3 i©itt:^&{cMLTSa;^c#«fi^E 

S««®PBl(rib-5?^SH3 0l*3fctt. BttUsI 0 h 

3 0 \zm^^ritzmm\zm.^^rz.w.^vm^<Dmtifi7.h, 

[0 0 7 5] SefC^bifcJcptC, 5 0 

(Dmum 2 a<Dju-j'jmzi6\^^x. m^B^^3\(Dn 
*{4tc*HxT{s#4Lfc^«{4^EQT*^n-g)«^ m 
tbmm ^m^t^t. 07 (b) izmLtz^.^iz. m 

S»^3 1«, ^«{4i^EQiJFfTtCJ5:§;rcto®<S^« 

^3i«. 07 (c) \z7F:vtz^o\z. mmhtzmm^ 
^lEQiic&a-r^i^rH^i-^ 3 1 ts.\i^i}mmtti^jf: 
o\z m^^^^oiz) > mmLrzmmimEQ±\z^ 

[0 0 7 6] 03 (d) \Z^Lrz^o\Z. ^«tei^EQ 

*mmLrzmam^^m^-t^m^-f)^ma-^n^t. 
n^'noM^^L.fc^ttfic^E Q±(c&«-r 3 
it:j;^T«$ij3n-S)Sai^i]*i^tfi^-r-5cfc5(c, ¥s 
tj.mmiki^EQ±\zi{Lm-t^m^^^3 lamj^t^. 
ts.t=. mmimEQ±{z&m-r^i tit. rmm&m 
EQ-r^m-^n^m^p^izumr^i ;i<i:^«i*-r^. 
[0 0 7 7] {Sss^^Bi 5 o«, mami 2 ap^lZ 

T. 0 8 (a) iz^LTz^oiz, mmL.Tzmm\zttLx 



(9) 

Sittc:SS|nitTVi^jffiS5i-^ 3 1 1. AiW-U^mizKiL 

Tmmzm\^bxf^^^mm^^3 1 Tit^s-r-s, 
[0 0 7 8] mrsMs o\zmj£=^mu-r^t, meiz^ 
vtzmmimEQxm-^n^bm^fim^Bm 3 0 iz±i&^ 
n^(Dx\ f^mnmi zomam 2 a(oxy>^wzw 
tE-r^mm^^3 it)mttm^<D§em^^i-fxmm-r 

10 ^mm.mj^i.xf,^ftm^^^3 nz^x^tb^^t^i^m 

n^misbmmz^^m^B^^s i<Dmmy5\^it. man 
1 2 a[^icj^fig$nfcagBi 6<Dmnmm<D7>ti>j> 

SeoT. 0 8 (b) tC^$nfcS5tWt»t«#4iS|S]«. 0 2 
(b) {c^$nfc*5tl^4^M?4Er^i]=l:Ofe^«bTV^?> 
(m. 02 (b) i3j;Z>'0 8 (b) «^^0T$)O, ;i 

. (Dm^^\tm^^nx\^'^i3.^^) o 

[0 0 7 9] 08 (a) t5i:Z>' (b) (c^Lfcf^S^^^ 

20 3 1 ©Ef6ittS8S:*n6]at5 2 0 m^^ib&m&f^:^\^\z^ 

oT«^L^c«TS09 (a) (b) iZ^r. 

[0 0 8 0] 09 (a) tC^b;^c«ffi4i^JlD4*Jlt3liT 

a{ci3i6)tTiis. 0 9 (a) x\itmm(Dtztb\z. 

^i'^S:0^bTt>^tl>. 
[0 0 8 1 ] «ffiEniia4^^lCi5liTtt, 09 (b) \Z^ 

Ltz^oiz. m^a^'f'3 lA^am 6 ^'p'L^izikMmz 
iB(6i-rs. mp]mzmt)^nrzm^»^3 i©5t)5«ii<5^ 

30 $nTli-5jS(a. -?-<D)SSA^*ftil!^il9fc, P^Pg|512a^ 
#-r^^*«ffil 2*t|Sl-tf,TV^^»«l 0#J(Cifil.^<t 
Ptc. ?SS5i-^3 l*t<S^bTI/i^;i t^^LTl^-g). 

iy.T©0ffitc:i5tiTt)ig«T*s. 

[0 0 8 2] 09 (b) d^?,B^^d^^j:<t5(C. JSa^aa^ 

mmi 5 o<Di-z>(Dmmmm\zit. miiwi^miz. 90 

©fiSei 6^^-n^*n<D*H4;$ft<i:-r'5 9-:3®iK^K;)t-l' 

<&^n^'n(D*ta;itt<!:-r^4-3©«srB F;<'r >A^*jgis$ 

40 T, 3 1 (DB2f^fijI^ (fi^) LTi.^^. 

[0 0 8 3] ^«?)m^(3<fc-5)gBlS]jg«iJ:^;tt, 

(Dz.Ltiti^^. m.mmm\zht)^^m'^t . -eo3S$« 

^t, m.^BmfA<DmM\zii-:>xmmmmmm\^fimri^ 
m^^U[^m.uti^%mt^mtbm,n^^^r^tzn(Dm 

50 CinHjtsfL, «^bfeffi!li5€rWr-5flg|51 6 0«^fflijffi 
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17 

(c<fc^E(6]M$iJ;^;«. Wns.\zmmi<'^-m\^. 
gfje^cDiSES^^S i«:«rWt<cM?4BBi^<Di#<!:|iii;iB 

[0 0 8 4] HMj^ffi 1 ©{gfeS^gB 1 5 0 T-is« m 

nTli^«-& (^J^«EI2cD?«^B«S^gBl 2 0) ±0 

[0 0 8 5] fct*3> ;in^T\ i£-nye(DmMnm\2^ 

i^iK(lMIiJiEb<iE?nJt- 2 

[0 0 8 6] ffi^J®?£WTSag|51 ettHIl 0 (a) 
010 (b) ihW>l Q(r>mm^ 

ir^. {SL, miQ (c) t^-Tct^tc. asBiewM^^ 

fi!lffi±Jr> r^PSBl 2 aCDHiacD^lgft® 1 2®Sgl5l 

[0 0 8 7] 75::fe> jSS«-^^3 1 <DMI>f1*<«MBBlRj«, 

0 9 (b) tC^LAc<fc5;^<t¥i^?^tA5t*ft>cM#4IB(^ctD 

ffi) (C*3t»T't>, |pIi;iBlia*tSI{c:*D, jKffiB3 0<7)JP 
[0 0 8 8] ft<0^«S*ttS:*-r*^Vf^-:;i7jKa« 

n\zts-^ ^)vm^m.t!!\vTzun^m\'^^iL. mm^mm so 



(C, m^Bi>^^2 l\t. r^PHBl 2 a5:4''L^{C2ElHI0^/i 
^TCOi^rs H ^ -f > (CO l^T IS) C tC-r C i * •& CD 

[0 0 8 9]Mn. #<cD;^»-f ^;u^js:^sa-r-5t. ?ia 
s:&i6]ic?QoT»«a5i-^ 3 \(Dmmmm.mz^i\:r^ 

^o\zti^. 

[0 0 9 0] JKSS3 0®;?S:&[6jtr«oTIKS5J'T3 

[0 0 9 1] z.n\znh^ m^ms o<Dm^:tjmzY^-o 
xm^j^^z i<Dm\^f)mmmz^it-t^^\^^m\z^ 
\>^x\t. m%Wi<Dm%m\zmm.-j3^^tz\t.^n:fs\P\\z^ 

\zw.m.^ntzm^Bm7rs^m(D&m^^m<nmmm.w.^^ 

+^(om^mmi,i^mmizti.K). ±mzm^<f3.^. m 

^14 ic J; ^ ^mm mm ^Mm!^<i^±-r^rztb\z. m 

[0 0 9 2] uid. Mm^^(Dnmvimmm\^(D:^mf 

SH.>©«> MPggl 2 aSrJ^fiKUfc«^CKenT, 
ma^l2 aSfl^jES-ti-rtrfigBl 6*5j:t>V^fcHagB 

[0 0 9 3] 'A\Z. mi 1 (a) (b) 

M^mm 1 1 6 o*(D 1 -sxo 

^^«i«««ii^iJi0j-r^, 011 (a) it&mmm:^ 
\^i}^'bM.rz±mmTSiD. mi 1 (b) 011 

(a) <D1 1 B- 1 1 B' ^Cta-p3tlt!rffi@T*-5, 

[0 0 9 4] jKss^gs 1 6 0 tt, ±mvtzm^m^ 
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SB 1 2 0 <DT F T«® 1 0 S:?^S«*SB 1 5 0 WT 

ggl 5 OcDTFTStRl 0 tSIKWtClHlC^igcDTF 
TSISlOi, SSSa^SBl 2 0CD*K^»1S2 Ot^ 

[0 0 9 5] T F T»« 1 0 (Otk^mm 1 2 tC««|gc® 

©F^PgCl 2 al^ltcmiOaSl 6*?1 0-rojgfilc$nT 
1/^^. ?sK6]Sffi2 OcDj^SSa 0H«fflic©m2d]igB2 
6*tjgfiK$nT43t3, TFTS«1 Oro^lOSBl 6 

(isj^t/F^pgBi 2 a) iimm-^iE-n^i-<r>^t\.^n 

CD 4^ 5^ {c fiBT -5 J: -5 (Ciefi $ nx I i ^ o 

[0 0 9 6] mmEnsD«M<D?eESS^Sfi i 6 o ^mi^ 

S«2 0<Bij7!>v6»«feill;5r|fi]lCl!:>oT«!SLfct^<DJS 
Si5i-^3 l®SSl^4^^^01 2lc^-r<. lll2*^e,Bj!5, 
A^^CJ;^i(C. j^SS^gfi 1 6 0® 1 0(Di^*MJ®{C 

«. m.wx^ism\z. 9o®mid]ia5i e (isit/MPg^ 

12 a) *-?-n-6n©*ffi;tti:T-5 9 0®^^h*pt-f > 

'L^lCSfiBSnfc^ 2 OgB 2 6 ©"f-L^^r^n-encD^sf^idi 

3 ©J«Si h'^-r >Fp10«#t*5liT, jgS-5i-^3 1 ©IB 

[0 0 9 7] 6 OcOTFTStSl 0 

^liflgCl 6;fe*ltT!^<. MPSiJl 2 a*JlS:tt?.n 
Tl^^©T% 0 3(c^bfe?lSS*^SBl 2 0 J:0=bM 

[0 0 9 8] ^J!k.\-:l. 013 (a) *5<i:i;t (b) 

75:/i^*|=., *;^J^Iil(Dft&©f^FH^^SBl 7 0®1::>W 

^^ffi«©«jg<&tftHj-r§„ mis (a) \t.mm.mm5 

[n)^^e)^^±SET-^0, 013 (b) \t.. 013 
(a) Ol 3B-1 3B' «tC«-3fcE&fB0T*-5. 
[0 0 9 9] ?KSS^gB 1 7 0 ?g aS^SB 1 6 

WPgB2 2 a Sr^rbTlri^o FjiPgB2 2a«, 04€:# 
SSb7^j*tf,uiB^bfcJ:^tC. jgSg^ggl 6 0©m2 

oa5 2 6 hnmzwm^>^mw.^^'k'^\\Lt^^o\zv^ 
[0 10 0] 01 4«, 013 (b) \z7f^\^fz.m.^^mz 

$:ffltiT^LTti-l>. m\ AlP^y^^ipUii^XZ. WP 
SBl 2 a43j:ytMPlH5 2 2 a©x-v vgB(Cfe#4*tt^At 
±fiK$n^, g|PgB2 2 a<Z)X-vi^BBJl^fi£Sn^«^ 
lCJ;5IBrp]«SiJ*l^«, i£!igP2 6©«Mfl!lffitcJ:-5E|p] 
M*iJ:tri^tI^i;T'fet), dba5 2 6 <hlsi«tc*Jf#*<^ffi^iS 

«flEEnj!)DB#trL;ii{^fflbfil.i. g|Dge2 2 a 
Of^tt, J: tXEBtt. ±^BL?t^2 i£ba52 6 t 



(11) 

2 6<h^Pg|52 2 ai^r^gffiUTfflli-SilifcT^-l). 

[0101] «ffiEnjp^*si©a3?s«*g« 170 -^n^ 
Sffi2 o^l'J^^es«S^l;^[^i]^c)ft•^Tli^bfc<^:^<73f^ 
^B^^^S i©Eri^**tffi^0i 5lcs^-r. 01 5*^^93 
A^;^t<t 5 \z. jKreS^SB 1 7 0 <Z) 1 

m&mmvz. 9t?©^lflgBl6 (:teJ:t/MPgK 

12 a) ^^n-?-'ncD*f^i^(iiit-r§9:p(Df^sH/-r> 

t, 9:P(Dmi dbSBl 6 75tj^fi£-r-5 4 0«IE:^*S^CD4' 
'C,>tCEB$nfc^PgC2 2 a©*'iL^$:^n^*n<D^$5;$lll 
10 t-r-5 4t3©Jg?SKp^'f >*t}gfi£SnTti-2>. cin^ 1 
3(Dj«Sh';*<>rB^O:^#{C:*l,iT, a£S^)-^3 1<DE 

[0 10 2] ;^?^>H. *HS]S^2 0ffl®SEl^M$iJ;t»2:3S 
fe-SitfetC, 01 6®JKS«*gSl 8 OtC^Tct-p 
\Z. *t(iS]ttffi2 2 tF^Pge2 2 a^)^B£b. liPgB2 2 
art{C^2(£bgi52 6 ^^tt-SapE^rSjffl UT i li. 

[0 10 3] mmmm2) *^Bjtcj;^tiKs^^« 

mmmm^^^mm(oj:oiz, i-o(Dii&mmmfH\zm^ 
(Dm^Bm^mmizioi^^xit. mm^^<Dmt^i}imm<DB 

nmizmci^^mi^xmtf)m^^±fSiLT^. %^\z^ 
ft. 

30 [0 10 4] *i£P^2T«^)iSWMfflS! (SAT TM 
mmi tt^p. ) ^^«^gB(C*^§g<£igfflbf::**fi 

[0 1 0 5] 01 7 (a) , (b) 43j:t)C (c) Sr#BS 
L^id^e.. *S£}^S82(DMffl^JK^g^SSO«iji<&B5i 

[0106] 017 (a) itmmmif^^Bm^smm. 200 

©±B0, 017 (b) «ilfflSSSS^^SB2 0 0 ' 

©±ffi0. 01 7 (c) 01 7 (a) *5cfcZ>' (b) 
(0 1 7 C- 1 7 C ^{r»ofc»f®0Tag)S„ ^ 

40 ne.<D0T«. ffi*co;tfelc, 

[0107] mmmm^^^smm 200 jzi; 200' 
coi^*m®2 1 2tt, mmm.m2 1 2 1 tsw«®2 1 
2 r t^mi^r\^^^o mmmm2 1 2^*si^^-Kir« 
^'Sin^mmmmr^m^i^. swmffi2 1 2 r*tMst 

1 2 t«0ijx.«l TOS^^JgfiKSn. S*f«ffi2 1 2 
r «{»JA«7;U5ST-J^^rK$n^. fS.ii. S««@2 1 
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to 1 0 8] Sii^J^TCOfSaBS 0®J?$«. KM 
«tR<Dje?Sg 3 0 ©ff 3 ct D < ;^CS J: 5 tCJ^filc^ 

SiSfHl^TOjKSl 3 0 ^SWmi^R WSKSS 3 

[0 10 9] ;i0)?^^8l3 0©;p$©]»t,^«. ^J;^«. 
SW«S2 1 2 T^f&mm2 1 3±lC}^figL, gB)3«S 
2 1 2 t ^mmm2 l 3lc:}^fiK$nfcMPg|5 2 l 3 a\Z 

mf&-r^zt\z^-DT^?Libn^, mmmm2 1 2 tn 

TFT (^0^) ©Hl/^f >«sfc«me5icSii$nT 

iJD. Rl^«®2 1 2 rlS$e^H2 1 3 0MP^2 1 3 

ap^rmmmm2 1 2 1 \zmi^^nx\^^^o sw«ffi2 

1 2 r«. ma^2 1 3 a{C<t-:)Tfl^fi)c$n^g^^S 

1 0 1 1 0 ] PfflSISS^^Sa 200^200' t-c 

017 (a) t (b) i:©JttS^*^?>5^*i.5<i:5tC. 
SW^:«Rt^jiffl«Ti:«ffiSgEa*Wi-5. JltX^, 

T F T fj; i: ^ 5: Sii U I ^ SiS J^fig 3 nx t. > ^ 
(iSj§««ET t bXfiJffli-.5 ;i i:*^*X^;^tliCDX, 

jse^^;i<!:(cj;ox, m^izmmx'^^mmmf3.^mm 
[0111] mmmm^am^&m.2 0 o*Dj;tX2 0 0 ' 

tt, S*fmffi2 1 2 r {C)g^$nfcWP]gP2 1 2 at, 

mmmm2 1 2 1 ±icjgfiS;$n;rciii agi5 2 1 e <hSrT 

FTa«{aiJ{3#TS title, 5Sf fSim® 2 2 2 ©jg^eS 

2 3 0{BiJ(CJgJ5S;3nfcm2flSB2 2 6 <&^LXVi-g). n 
MJ^ffil {ct3iiX»)2!iL;tJ:5t, iine.<DgB|fi]MS!l:*3 

iij:-ox, m^m 2 3 0 (Dm^^^om^^mm^i^A^ 
mi-cisimvrz^oiz, a^tmrnizm^-^nrcmn^ 

[0 112] fib, gH^«@2 1 3±\za32 16^m 

inzm^^mmr^t. mmmm2 1 3±trffii»^2 1 

SrJ^BKL, MP^2 1 3 *JgfiS;-rS^*0/15'— ->i/ 
OlgtciJl^X, flgC2 1 6 ^5^fig-r?>c:i:*5X#'5<D 
X, Siiya-t7.S:ffilii§{bX*§fiJ.^*s^'5o 

[0 113] s.mmm2 1 2 r«, SM^^S^J: 
"^izm^-r^^Ltam^LiK wtm^mo:it\zj:-o 

X, SWtt®2 1 2 r lcW?^J:^«f4^<£J^fi)c-r^J;5 
7S«#*t^fiK$n-5©X, SMge^^'SWtt® 2 1 2 rX 

[0 114] ;i<DJ;5t, :^^m\Z^^t. Wt^^^o 
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um^^m-^u^^mM^^ ^ <h*^*x#.i). 

[0 115] SI*«J!^R»r»:tte.nSMPa52 1 2 
m2i£bgK2 2 ewf'^fflti. 0 4(C*Ufc^SgJg^l©?^ 
S^^^Bl 3 0 <i:|BliBI;S:®X, :i llXtt^CiKBj^^ 

10 [Oil 6] 'Jk\Z. 01 8 (a) (b) ,^#H8b 

fifi^^. ■mi&wm2<D'^(Dmmm&.WnWr^^m.2 1 0© 

1 0(7)i^«®^©«jt^tjiBJ-r§o 018 (a) 

fe^:&[6]*^e)^fc±ffi0Xi5D, 018 (b) 01 

8 (a) ©1 8 B- 1 8 B* ISfC»-Ditt^ffi0X*-5. 
[0 117] Mii^itT^t^^M^W^'^gUlCKttX^ 

0. ^©ig5aa5(csiHfffi«R*^i§:tt6nxi^«.o Mffliy 
J^S**gM2 0 0*3j;Ot2 0 0 ' iS;^cD, 

2 1 2 r{CMP|[P2 1 2 a ttJ^^^nXV^TJcV^. SWffi 
^R®*|-I^«112 2 2tC6t3®||2GgB2 2 ^tm^^ 

20 nXti^. 6-p©||2i£bgg2 2 2«2-PCDiE5&l&^&je 

fig-r^<t-5iciBS$nx*5D, -^n-en^tf^'ii^ic^ 1 o 

•SB2 1 6*^iB«$nxi/iS, ::©J:3Jc^lifige2 l 6 

*5±rXB2£bgB2 2 6 ^gEa-r^:ittcj;-:3X, ^n-?-* 
n^4^'L^<!:L^c 8i@©^^l^t^^a#B^[^i]©^ga k^-t 

[0 118] 01 9 (a) 43j:y: (b) 

IIJS?^M2(Dftfi©Mffl^^S**gfi2 2 0© 

1 ocDi^^ffi«©«jg^itt?gf So 019 (a) «a« 
}*^:&(fij*^e>m/t±B0xa5f3, 01 9 (b) 01 

30 9 (a) ©1 9 B- 1 9 B' ||(Ci9-3fc»f®0X*S. 
[0 119] Mffliy?^B^Ba^SM2 2 0«. *^f^«ffi2 

2 2±(D^.2 0gB2 2 6*ti^*M«^1^fc|glt?)nXt.iS 
;*kX, 01 8{C*b;fciigffl^lKS«*S«2 1 QiiWifS. 
■pXI^S. 

[0 12 0] ifi?H52 2 6 $r't>-C.^tC}^)5esnS}^^Bh';><'f 

dig|52 2 6 «IEv&*ST$:?^fiic-rSJ;'5tCEM$nxI/ii) 
©X. i^^ffi«l^(--^$n'5g|5»^Sb^t3-&St, 2 
40 ■OCDiSSHp^-f >;*^*?^aH^-f >*^#inxl.iS©i:|Bl 

^tc;5:s, rufi^. &:^m<Dm^mm<D^^<D'^miz 
m^-^n^m^B hp^-t >osi<]4 5i-<D i ■/j^mmmmiz-^^ 

n ( (1/4) X4) ) , ^*®i®<73fi)acD4'*#jfi{C 

(1/2) x2) . t^Eox, i^fflSJ«as*gg2 
2 0(Dmm^^mt. mmmm^m^mm2 1 o ti^^ 
x$.o. ^^^tc^nxii^o 

[0121] {it, Mffl^i^fBS^gS2 2 0©J;5 

tc:, i^isisii^^ (p«-rsi^*m«(«ra) i'asi52 2 6 

50 ^rJ^figfSi:, iagB2 2 6©jfi^(D?SES^i-^{CjgH-r-5 
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[0 12 2] ^fz. 0 2 0 (a) {C^LfcMfflSj^^aS 

7nmm.2iQtm2Q (b) ic^Uitii^fflSfSfBa^g 
«2 2 0 <i:Srtt;««-rn«?g^,*^7^d:j;e)(c:, mmmm^B^ 

«^ $r^ii-r ^ :i i: Ti^'T- # ^ , 

[0 12 3] i^m. age 2 2 6»iaa«. ±Kw«»j{rK 

-5« 0iJAtt\ 112 1 (a) , (b) , (c) iSckr/ 

(d) tc^n-?-*n*-r> (iinffl^?s^«^gB2 4 o, 2 

5 0. 2 6 0t5<tDf2 7 0cod;5<c:g2BT-&C 
[0124] 021 (a) iiXn (b) (r^LfcJ;5 

(SBjmii2 1 2 ttmm^nx^,^^^^) ^^^mmm 

2r) ^f|^]S«|-J^J5K-r^^2ejgE2 2 6^i^ 

(02 1 (a) ) , *?)t,i«. ^Jgffi«^tCjE*^^S 
J^fi£-rSct^{cgB«LTt)J;li (02 I (b) ) o 

[0 12 5] ^IC, 0 2 1 

(c) ^^-a- (d) (c:*Ufci^fflS}Ka«^g«2 6 0 
^^TJ2 7 OtDi^tC. ^SSWSjI^^ (SB^«@2 1 

(Si*mfii2 2r) SriStt^^ItTiW^Lt^o T^S:*? 

ic;^t^. riCDt^, 02 1 (c) \Z^Lrz^o\Z. ±X 
©Il2tag|52 2 6Si^^ffl«trttCiESLTfeSlib, 0 

2 2 (d) ft^1.^tiEa$n-5>dig|52 
2 6 b^i^mffl«^1-lr}^fiS;LTfe<tv>. -fflL. i^S^i^ 

^i-ir?gfig$n-5flgB2 2 6 hi^m^^n\zm^-^ri^{h 

35 2 2 6 tiE**&^Sr}gfie-r-5J:5lClEB-r^iI<i:*«. 
;^T. >ISH6]«@2 2 2 («»JA«019 (b9) #fig) 

[0 12 6] fili, iikmm.mifi'h^\<'>m-^\z\i. 02 1 

(a) ^fc« (b) 1^W^2dLgC2 2 6^«B§bTfc. 

WL^-^mm^iPi^^'^izm^-t^z.hifiX'^^, ■ 

[0 12 7] TFTa«±(DmiOgB2 1 6Sr=t 

02 2 (a) iDj;l>' (b) lr^-rj^rBa^SS2 
8 0oj;5{r, ^^l^i]SS©@ilM«Tlc:*tJSf 
}^j6£$n;tm2 0g|5 2 2 6 lCJ;-DTSfcW4^ffi#4IH(6]A^3i 

[0128] il^vt, 02 3, 024 *5 J;t;0 2 5 $r#Bg 



(13) 

L;^c;i^t>, is^fflSietaS^g«3 0 0 43 J; 1X3 i owftfi 

[0 1 2 9 ] MfflfJac^B^^eSS 0 0*5j;i;3 1 0 
tt. TFT 3 4 2i:, T F T 3 4 2 © V-XttSi— 
iIJgfigSnfc{t^iS*l3 4 3 TFT3 4 2©y-h 

mmt-mzm^^ntz^mmz A 4 t^&wbTi^ 
^, mMn.m 3 1 2 1 «t f t 3 4 2 © k i^^ >mm\z 
mm^nxuKi. ^mmmz 1 2 r \t.mmm (024© 

3 1 3#B?J tC|glt?>n;^c:WPSK3 1 2 atC*3t^TSB>^ 
10 «ei3 1 2 t H^M^nXtiSo Sit, SWSffiS 1 2 
r«, TFT3 4 2^SlK ft^lHI^ 3 4 3 i3 J; 

y^^ai2^3 4 4 tjijaa5Ta/j;^dcptcj^fi£;snTi.i 

^. HIC. MfflS?SrBS*gfi3 0 0 43 J: 1X3 1 0 
fflra^MIBill 3 4 5"^#b. «ai^«S2«8 3 4 5 ^itfiiik 
S{Clgtte.nfc3>i5'/7 h*-;l/3 4 7|*ITSI*«ffi3 

1 2 r t'&m.^nx^^^. 

[0130] 023 tC;^Ufc(^fflS?KSg*gH3 0 0 
2t30SjS^«T (02 5#!1) ?r*U, -E-n^n 

20 {CjgfiK$nTt^^m2 0a53 2 6tt. mmmi$.9v\zWL^^ 
e.n, ft-^E^ 3 4 3 *D J;lX^aEII 3 4 4 {c^fJSf -5 

[0131] 02 4:fe<tr/02 5 \z7n\y tz.nmwik^Bm. 

T, Mffll!iKSS^gB3 0 0 tS?5:oTli.5. 

Jc, n>3'i7h*-;W34 7t*fj^:-r*«*SJc=b^2a 

2 Qtm^^nx^^^^. z.(D{t.w\zh%2{hmz2 
Wi\^^^^\zum.ir^^ttimmf^m^xh. ?KSh*^-i' , 

XDfflSgBB*^ i^i -5 < MIU W tc ^ J: -5 > m 2 OgB 
3 2 6 (a5?)li«^liaS53 1 6*fc«WPgC) SriBB 

•rni? J; 1.^0 ^fc. i«gb^»ia^3 4 BM^^m^ti-^^^ 
i^mxw^^^n^<Dx. z.(DW.2{hW>z 2 e,<D]5.mx% 
mntim^ x^x-h^y^siymmy-r^ z. tm^\^^, ^ 
fc, 02 5n^L;t<t5»c. mnw^z A3\zn\piir^ 
mm\zw^^nfzm2{hw>3 2 e oja^TTtitn*^'^* 

40 iST-r^itTst^cti, 

[0 13 2] ^Tz. TFTa«{CPfilcSn?)miflg|53 

1 6$r#i§U. 0 2 6tC*T?^S^^gB3 2 0(D<t-5 

[0 13 3] 10<75i^Sffii®rt{C?K^B»CDJP$*Wj:-5 

50 %mxmt>ntzWLm.m^m^tLx^<Dmm\z^m^w. 
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lib, -;&OS;K«)*lc:ifigBSrE«bTt>d;ii. 

[0 13 4} 0 2 7ii^nm2 B\z. mi5(Dmmz{h^ 
[0 13 5] o oa«, e2 ? 

(a) ^JctlX (b) tc^bfcck^lc. TFTSKffliJlrj^ 
fig$nfc^ldigi5 3 1 6i:, *fl^a«ffliJICJ^fig$nfcm 
2Cig63 2 6 i:2:*L.Ttii), ^lifig|53 1 6 (S^iSffi 

^i:\zm-y^nx^*). ^2eigi53 2 e^swMiSRtc 

Stt?.nTI/^-5)„ O^D, Sl=ftt<i3 1 2 rTSbn^t 

a^gi5 3 0 6 ^it\^x-5.h^\zmm-t^{hw>ifi^n^nm 
fi^^mzmf^^nx^^^^. 
[0136] Sj§«s«t \zwLVi^ntz% 1 oep 3 1 6 

2&\zii^m^m.utit\tm^\zm't-r^, *fc. 

1 2 r J;-3TSt)nTti§©T, g:SSB3 0 6 

fflisnsns. ^(Dfctb. mj&immT(om^em3.3o\zm 
sif^utfs.tb(bi}^izmm-r^<Dx\ ^^unm^mu^ 

[0 1 3 7] 02 8 (a) *3j:0t (b) iZ^VtzmmM 

m^BmTskmms o o Btt. TFTmmmizmi&^nrz^ 

fiE$ti;feii2flgB3 2 etmmm^Tizmi^'bnxi^^ 
}^izi5i,^xmmmm^Bm7nmm:3 0 0 Atmu^i)^> m 
miz^&iinm^mm^i^Amm-^n^o 

[0 13 8] 0 2 9i5j;Z/0 3 0 IC, — ^©X^W^^fC 
dig|5*iEB3nfcMffl^^fB«^^S3 0 0 C*3J;j;C3 
0 OD^^iCMlc^T. 

[0 1 3 9] 02 9 (a) ti^Zf (b) tC^LfcMfflS 

?ss«^sa3 0 0 c(±, TF T&mmizmiSL^ntzm 

lagPS 1 6*Sj@®igET*5j;tJCSWIi«ER©i^:&CW 

bT*30> 03 0 (a) isj^zf (h) izy^LTzmmmm 
rB«^ss3 0 0D«, n\m&mmizm^-^nrzm2a 

gU3 2 6^SiigSi^Tt5=tt^SM®«ROM*{cWbT 
liS. ^SD, Pffl^?KS*^gg3 0 0 C*3J;UC3 0 

0Dt;:i5l,iT«. Stt«fig3 1 2 r TSt)tlAc©MgK 3 

0 6 ^ifr\^xm^i,zmi&r^ihm^m\:'&mzm^^n 

[0 14 0] mmmmTizj^i^-^n^m^\';<<><Dm 
^^mmsii^t. s.mmmR\zm^-^n^m^BV ^-(> 
(DtSLM^m^mi^tit. mm^3 0 6±(Dm^B^^<DMi 

J;Z/3 0 0DT«, ^^g|53 0 6*«m® CiClTfiSi* 



(14). 

«®3 1 2 r) {ZJ:-oXmt>nx\^^^(DX\ SSgB3 0 

y tKummRizm^^ti^mm Kp^-t >«-5-n^*n3f 
[0 14 1] :in«, mmt\^^o<i^mmmzmm\^rc 
monmiz^^xmm^3 o e <D^m,izwmj.m^ m 

«{4ffi) d^'^^f ^;iti:(C<fc-:5T, 03 1IC*fJ:5 
IZ, m^^3 0 6±(Dm^B^^3 1*^. ««ilDfc¥fT 

10 X. K-D, f^iams 1 6m±^^^m.mizm.^r?>:b 

|p] (0 3 iT(iS£B{ciiit;^c:^|pi) tctt^t^jns*^^ 

K^-f>«. SMSUS 0 6±<Dpjn^c?eca5i-^^3 1 
bT 3 ;*:7cW»cS^-r-5c}; -5 (cSBifij bTi/^S. 

[0 1 4 2] ±mLrz^o\z, 1 ■o<Dmmmi$.}^\zm^B 

mmm (^.^m) ^mmxmoz.t\z^-:>x^'&uiikm 

i^mm^\^f}m'^n^o ^mmz^mt^^ft^cD^mm 
20 i^^^K)x})mmizmmt^m!^f}^ibit. am^. mmm 

[0 143] :i:iT'«, SiS^g^TtSW^^Rt^ffi 

^^mmmm^B^m^m^m^Lrzif)^. iom^irnzm^ 

{z^-ox^^tiW^ii'iKmmmf^A^mm-^n^. ©msb^ 
a^msfc. ^j^b;tsi>f«®(cKS$n^ii,i. mi^m 

[0 14 4] ^fc. ifmmW^m.X\t. SBSHlSjIltC^b: 

«**^'f#?)n?). vin(c*fbT. mmM^m\zy\^yif 

jff^OjKar^-^^tC 9 0 ° fcjfili:^^ («SJ;i«8 8° ~8 

[0 14 5] 0 3 2*3J;I>'0 3 3 \Z. ffiCDj^ffl^igi^aS 
^gg 3 0 0 Ei5j:r;t3 OOF Sr^StKltC^-r. 032 

^^Tfm3 3\z^\.tzmmmm^^^^m3 o oe*5J; 

0:3 0 0 F(DJ:5tC, K^^^R<Dih^^'^mt^t. 
to 1 4 6] 03 2 (a) *5J;0f (b) tC^bifciSifflS 

50 jss^5^'g«3 0 0 E*^ n\p\mwi.m\zmm^ntz%2 
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3 (a) 43J;Of (b) {c^b:ti^fflSiKS«^gS3 0 
0F«. TFTa«ffliJ{r}g^$n;rc:miCigB3 1 6€:S 

[0147] 033 (a) *3j:tK (b) tC^L;tMffl^ 
JSSa^^SSS 0 O FTfi. IS:M55^1Sltf.nTli-5S« 

COSS^^iSt^Mi^ (Af$:Mt3fig:Mgl5 3 0 6 SrWT^T 
FTS«<7)Si§®«Tt'*ffS-rSM«) (CfigB (mifi 
gE3 1 6) 74t|gtt^>nTliS<DT. *6^S3 1 3 i:7^i^ 

[0 14 8] m.^'^^^wM^mm^^^^^ih 
sisr^icoraps (?s^bBo]p$) *«g^-r?>x^- 

■t)-*«^aT=bJ:(.i. 03 4, 03 5i3j:OC|g3 

6 f-^TMfflSJSffi^^gS 3 0 0 G, 3 0 0 Hi5 
3 0 0 1©ck'5t:, S«^«RtCiatte,n^if3jgBtL 

«g-r^ll2dba53 2 6 • *Sf^fig$nTt>J:lio 03 4, 20 
0 3 5*3j:lK0 3 6lC^b;tJ:'5{C. ||20gB3 2 6' 
tt, TFT»Si*f[^i]»ffi<i:<DrBl ' 
@ffi3 1 2 r i:*f[6]«ffi3 2 2 tcorel) (CC:n?.«MSi 
^«jt-r-5J;5lCsStt'=>nTi3»3, j^a«3 3 0(D/*$ 

[0 14 9] ^(D^^Um^^m-Wit^ii. jgf8a3 3 

*SM3 0 0G. 3 0 0H43j;t;^"3 0 0 I ^ 
20gB3 2 6' TJtX'^— t}-S:*taTViSt, 

[0 15 0] fcJ*3. 03 4 (a) *3<i;UC (b) (c^tfc 
<fc5{c:, Mjlffi«TtCj^fiE-r-S)m2diBI53 2 6 2:. X'^ 
-• y-tUTti«g-r-5S««l*R0^2figB3 2 6' 

e.^C^ig;2a<&0^Ct*^T^.2). ^fe, 03 5 (a) *3 

(b) ic^bfcjcpfc, S®M«Tlc}P^t--5m2 40 
i£]ia53 2 6<&, X^— 9-tbT«itg-rSSW«i«RCD^ 
2fig|53 2 6' cfcOfcffi<J^fiK-r^<h. OgB©«#K|iJffl 

3 6 (a) ^^JS (b) tC*b&J:^JC, TFTKSM 
(cj^fife$n;t^l OSES 1 6^S3®^^T(cBE«-t^ 

StlCii'OtipJC^iiiKS 1 3(Cg|Pg)5 3 1 3 a^ 
?^fiK-r?>XetCt5tiT^lCiaJ3 l eSrJg^T^-S© 
T\ h©$e)?a:«fiigJS:0SCli:*iTi?5. 
[0 1 5 1] 02 7~0 3 GTtt, so 
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b;/5:55t, 03 7:fe<taf03 8(I*-rMffll!jKS^ 

^^M3 0 0 J t5j;0;'3 0 0 K0i5tr. RS^MJ^RcD 
SffiTj^'^iiM^T ©Sffl <fc 0 < T J; ;i t tSl^ 
5^T*)/j:t^o 03 7 (a) iii^TS (b) lC7i^Lfc<t^ 
(I, S3afii^T$:^tfJ;5fc2O0SW«S*SRSriBBb 
Tfeil^U, 03 8 (a) (b) {C^bfc<t5 

(^sgBig, m^w^. «tb^«ie^7i£) ^tft;^: 

® *S R ^ 7t S jl L 1. ^ *^'}^J5)c 25 tlT -5 M« !r 

[0 15 2] 0 3 9i3j;U^"0 4 0 (C, jfiSM^T^j^ty 

fc:<(fi<DiigfflS«Ea«*S«3 00L^cJ:tX300M<&^ 

[0153] 039 (a) iSiOC (b) \z7n\^ttmmm 
JKSS^SS3 0 0 L«, S)S«i®T*3cfcy^2 0(DSW 

^«R©^n^*nfr, jt#in]»Sfl!iicj^fig$nfc^2Cjgi5 

3 2 6, 3 2 6' *#LTfeO, — :^®KWnS^R (Cfl^ 

fife$n;fc^2ii]igi53 2 6 ' tt, x^— y-tbT=t«i^-r 

[0 15 4] 04 0 (a) ^ii.XS (b) {C^bfeMffl^ 
?^^B«*^S3 0 0 L tS. TFT*«ffi{CJ^)5e$nyt^ 

ICjgBS 1 6 $:S)i««T(C^-r-2><i:i:felC, tmm^ 

2 6 • 2:-:3^©SW®«R<D 
^IcWLTli^o -:fyC0Mltffi«R(7)^lC?gfiESnfc^ 

20^153 2 6' x^-- y-tLTt)««g-r-2)o 

ft!i::&®SW®«R(DiagB^*|ll§L, TFTXtRffliJ 
l::?^fiK$nfc^iagP3 1 6<&SagMJKT{::BBa-r* 
tv MP^©|fi]±tSjt3X hCOfiM^0'2>;ia:*^T# 

[0 15 5] /itJ, ±a!LfcllM}^M®iJiB^{C:fetiT 

«sj*b;^c*t. dig|5cDP4^tt;intcEE^$n;^ii.io 04 1 
(a) . (b) %i^JS (c) \z^.^^oU. S^ffitcift 
■Qfc»rSJg«;6^*lll§+^fl^T^>^flgKl 6' ^ffll^^TfeJ: 

[0 15 6] 04 1 (a) . (b) 43J;0C (c) tC^L 
;^cfia5 16' ffiMffliJM 1 6 s iUffl 16 t iSrW 

b, m.^mm 1 6 s ^mnm 1 2 ©^b (s« 1 1 

IMffil 6 t \tu<-(:^^\^o 
[0 15 7] »rfflJ^tt*5ffl§+^fl^Tife^inigBl 6' tt. 

f^S^3 ooJSa^i-^ 3 1 {c:^bTBBifi]M$iJ:t;5:&fSr 
^S^iSMi 6 s (r)mW-K^\>^<jy-n. m.'^^^z 1 \zM 
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1 (a) , (b) *5J:IX (c) \Z^LftWimmmm+ 

[0 15 8] 04 2{c, mmmmmF]j&-c$>^a^^ 
2«. <SiWi(c-t;us (urn) ^^L. mm\zit^<^mm 

(msec) 5:^1-^7' 7 7 Tab -5. 04 24'©OH8'rffi 
J^TS?)»^S^LTt,^^« 04 2 t'^bfctC'fC. m 

[0 15 9] ^m. a^<D-^^:x^iz^<-r^t. mm 

i)^^tf)^mmh:k^<u^<o-c. mmm^ommizmm 
mpimx$,^m^iz\t-<xam^^isb^mm^i^^ <-r 

[0 16 0] mmm^ffim+^i^oa^i e ' 

^tmm-^n^tthiz. zi>hyxhitt}^\^±r^, 
PAT. $e.{cpb<sii«-r^, 
[0 16 1] 04 3tc. am(Dm^mmmpimT'&^ 

mi£ (V) {c^-r^Sisss^Jii^ttSr^-r. 04 3 (p© 
:j)\^^mzun^nrz-'n(omytU(D$>^^miziii-f^ 

mm^M'SilitL. ■^©iB«*^^«^ttS:4 5' iHie 

^•tirfci^OSii?^^^ I xif -St, I+/(I++I 

X) Tssn^o a^(DmmM^Am+^mx$>^m'^ 
iziit. MytU(DU^H:^\^t^+^(Dmz^^:&mi,z-'mh 

x(D:^&M:^\^\znLxmm(Dmmx^\i^Lx\^^^m-^ 

[0 16 2] aa50Wrffi}g!|^d^lilSnj^T'S«)«^, SjS 



(16) 

30 

04 atc^tfcctptc, mmmzm^ 

[0 16 3] ZiniC^LT. eigPO»rH?l^*^*^BS+^?)^ 
aia?igJ^[S]tt«, 04 3iC5^LfcJ:3 

m&ti^Bi\m^ntzizt\z\tQ . b^K>^±^\,^o z.n 
10 :J7PXna;WSi^ciBSSn;^c<i^«(0<i7tWl*|^i] 

[0 16 4] ^Kim^Wi^T^ifi^^^n^m^^ 

04 4 (a) , (b) ^^TS (c) ^#Bgt;^j*t5tjjBJ§ 

•r^o 04 4 (a) . (b) ^oit; (c) mmsiEn 

04 4 (a) «»rffl)^«*^llS+^)gWdi«|5 1 6 ' 56^ 

igtt';.nTv^^«^^s^-r±E0T*f9. 044 (b) 

TP.-tl.mmxSb'O. 04 4 (c) «v 04 4 (a) 
(b) ©44C-44C' ^tC?eo;fc»rS0{Cffi^-r 

[0165] 044 (c) {C^-rJ:e>{C< mffiteEPJjDBt 
«#4#Jffi 1 6 s <7)7>;«J U >y?i*»CcfcoTi«M 

El^bTi.^^?^S^)-^^3 l®«aSfgS»H=fcoT7^«n 

[0 16 6] frB)gt«?!i«lllS+^)g-X?*S«^. 04 4 
30 (a) Iw^-Ti^lr, affi«lEPj!iDll#{Cffi^iE[n]i-S}«a 

(si^{riii§ii32T 1 :^i«]F D43a;yc^ 2 :*r(6]s D) 
EPiDB#(c(il4iB[^-rs?^^B5i-^3 1 cDge[^:^[^co^(4^l 

[0 16 7] .in(c>ctuT, mmmm^mv]wxh^m 

40 ^tc«. 04 4 (b) (C^fct^tC. «MfliJffil6s(D 

]^g*§itT<«^iSi6]-rsiKS^j-^3 itt, ±x(jyM 

^*l^](C>i;^bTl5l#(73«*TBErS]bTli^C9T. (iTtK 
[0 16 8] ±a!bfc<t-5tc:« »rS)^^^*^*B§^^?gT$> 

50 [0 16 9] :k\z. ^y)m^\'^&^7hifi^m\zts.^m^ 
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^114 5 (a) 43<tj>' (b) ^^rnvm^ibmrn-t^o 

04 5 (a) ^iiU (b) •affiEni)PB#®?^S»^3 

l©Ba(^4^SI^&MiCWIC^-r0T$)2.o 04 5 (a) \t 

-r±®0T'^D. 04 5 (b) «8frBJ^^^;5i|ilSi-^¥:}^(D 

[0 17 0] 6*tigtte>nT 
i^^^j®^. mm^.mm\z\t. 044 cb) tr^Lrcj; 
■5 mmmm 1 e s i&mom^B^^ 3 Hi, M^fiw 

1 6 s ©ElpJ^^J:^/ (7>*U>^^5?ft«) ^^nx±X 

fcJ6. iKs^bHs Q\zmm^m^-t^t. mmmi e s 

<J:S^r5:&[6]{C, «H©JK^5i'^3 l«ffiin, 04 5 

(a) tC^Tck^tr, ?Sb^bS3 OtDj^B^si^^S l(i±T 

[0171] mmmm^^+^w^(D{h^ 1 e • 

6^^Z l(DW.\^-l3\^<Dl3{tL-^-^^\t. 04 4 (a) fC^ 

L;^c<i:3{c, (Si'Wcai§ii:3c1--g)5l 1 

:&[ii]FDi3J:0^^2;^I^SD) tc^LTW^fcliilE 

T'^s. ^-n^jf. ?RSS3 o{c«ffi$9]jD-ri)t. 

«gei^];&(6]i:S^-r§:;^[^{-ilB®}KS»T3 1 

n, -s-©!^*, 04 5 (b) ic*-r<t5{::, 

mfi^y^ii3\^¥Titwt7\z. A^^, -n<Dm^m(Dm:^ 
(Dm^mf}^'m2ij\^sDtwftizu^^o\z. -ncDm 
^mtmrn^nx^^^t. imytm<Dimytmiznvxm4 
5' <Dn^f3.-r:^\^\z^^xsi\^-r^m^^'f-3 i<d^ 

[0 17 2] ±mvrz^z)iz. »^mmm+^mx$> 
^t. M^m(Dm^m:^\^^mmit'r^^t\zj;:^x. 

Bj -5 e ^n^-r ^ c: t /OtT # o 
[0 17 3] tiid. mmmmm+^m(D£h^ 1 e' t 

LX. 04 1 (a) ii^ZS (b) JCiSC^TlS, it^l^© 

CDxl)*;5^'#e>n'l>. 04 6 (a) iZ^t^OlZ. AZXD 

Tfe<tVib, 04 6 (b) {C^-TctptC, 4-D(D4^(D 

1^^. MP$^®T$-lt-5Ct;ic<gBl6]^afgiJ;'3>&:^#<-r 
04 1 (a) :feJ:yJ (b) fc^L^J;5 



(17) 

[0 17 4] mmmmm+^m(D{hm<Dmmm^. ^ 

mmm^^m^m^mzmm-r^o f^*, &.T<DMmiz 
idi^xit, mmmmm+^m(Da^^ii:if^&m±izm 

[0 17 5] ^JA«, 04 7 (a) H^ZS (b) t^-T 
Mffl3«jKa«*S«2 9 0 ai3iZ/2 9 0 b(Dj:^{C, 

10 M\^&m±(Da^2 2 6 ' saii^igt {mm^m2 1 2 

t) {C5:^*^-r^ffli^rttCigttTt>J:t,iL. 04 8 (a) 
is^n (b) {C^-rpffllJ?«(^B^^SM2 9 0 ci5j;t>' 
2 9 0 d®J;5{C, *HS]a«±®i£igB2 2 6 ' ^'MMm 
« (Sl^«ffi2 1 2 t) :fecfc([^SW^it (SW«ffi2 1 
2r) <Di3g:^tc#tW$n^J:-5(cKltTfcJ;t,i, r^o* 
(Dmj^A^^lt. 04 7 (a) 43J;C/ (b) {C^LfciB* 

S«>^*^?.«04 8 (a) *5ctt;f (b) {rS^bfeBEB*^ 

20 [0 17 6] ^fz. 04 7 (a) 4Dj;t;04 8 (a) \Z 

^Lrz^^izmmmmt:m^-t^m\zMvx-\r^(Dmzs 
^:b\^i(tmw.^rzitWi7tu^^v\za^2 2 6' 

ttTfc<tViL. 04 7 (b) i5j;t/04 8 (b) (C^L 

l^i]**<S^^-rs<fc'5(c (m«i!^J4 5° <D:^«^^1-J:5 
\Z) flS|52 2 6' ^^ttTfcckVi*^ I/i-rn0gB«(Ci3 

[0 17 7] 04 9, 05 O:feJ:U^0 5 1 ^^mVUf)^ 
»rffiJ^tt*^*BS+^Jg(Ddig|53 2 6 ' 
t»Afciii5ffl^?Ka**SM3 3 0*5J;DC3 4 0 (7)*#:W 

;a^ji&iiiB^-r^. 04 9rt. ii5ffl^fSrB«*SB3 3 

O*^^Wtc:^-r±pi0T*D. 05 0«, 04 9 '^'O 

5 0 A- 5 0 A" ^(Cfciofcffffi0(Cffi^b, 05 1 
ni5ffl^J^^BS^Sa3 4 O^^^WfC^f ±Di0T 
40 l^ciJ, &.T<DmmiZ^^>^XIit. 02 3, 0 2 4i3 

J:Uf02 5 tS^Lfci5SfflS?«Si«^gg3 0 0i5J:lK3 

1 0(D«^rKs^i:ii»e<jtci^i;^te^*-rsiifiKg3g2: 

[0178] 049. 05 O;feJ;O:0 5 1 IZTnLtzMm 
tC, ?Sfr6]m@3 2 2±tC»rffiJ^!t*C*^BS+^}g0[fhgB3 2 

6' *ij^jjt^nTti-&. 

[0 1 7 91 04 9 43<tyC0 5 0 LfcMffiSlfBcSS 
50 *gB3 3 Ott, i|&^®J!t<£«;£-rSia{CMbT+^*^ 
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[0180] 049, 05O*3j;y:il51 (C^bfcMffl 
^jK^aa^SttS 3 OfeJclXS 4 0T«, Sii^i^TF^ 
(COg|53 2 6' ^latt^*^*. SI^M^RrtlCifbgB 
3 2 6' ^&t9:ttTfeJ:<, 052. 053 (a) iJitJt 

(b) (c^-Ti^ffl^j^sa^gas 5 Oco<t-5tc> 

T t5 ct D^s*f ®« R o $ n-5 ct ^ (c age 

3 2 6' ^ISltTfcJ;li. 

[0 18 1] ifc. H5 2, S5 3 (a) *5J;Ut (b) 

t^LfcMffliy?^a«^ga3 5 oco<fc5(c. ^-n^'n 

ffiiLL;taSB3 2 6 • ^|gttT=b<tl^L, I1I5 4(CS^1- 
[^ffl^?S^BS^g«3 6 0©J:-5(C. ^^LfcdigB3 2 
6 ' (flfe(D*^^ffi«lCj^^Snfccfi^3 2 6 ' Sr-^ty) 
|WI±/6^-#:tCfl^fiK^nfcifigl53 2 6' ^iSltTfeJ:^^. 

[0 18 2] fi^o, ±)icDSiH^(c*5t^Ttt, wms>^ti^ 
B&+^ j^cDOggw^^^'Kit e. «^ (r o viTiaBj 

[0 18 3] 05 5 (a) id^Zf (b) \Z. tSfMJ^^Ai 

&^2 6' ^m^i^m^m^mm. 19 0 ^m^mz^ 
-r. 05 5 (a) «. ?Rs«s^sai 9 o&^swir 

^-r±S0-e^bD, 05 5 (b) 0 5 5 (a) "t"© 
5 5B-55B' ^tC«ofcfrffi0tCffi^-r-2). 
[0184] iSaa^eM 1 9 0 T F T**g 1 0 © 
«S»3 OffliJtCJ^fiKSn^cSISromiOgBl 6 i, *f[6] 
»«2 0COf^B^BH3 0{BiJfCJgBg$nfc^S^(73^2i!igB2 
6' a:=&#LTti^. mii£ia516«, B§njg©ir®Jg 

[0 1 8 5] 05 5 (a) (I^bfr J; 5 tC, 90©^1 

ogisiett. 4o<DiE;^*&^^j^fiEt-^J:-5icsas$n 

4t?OjE;^*&^CD-en^*n®4''il^lI|l2ifigB2 
6' i^i^^BLTtiS. 40©||20gB2 6' 

1 6 t^®}M^^A^B§+^}g®m2dlgl52 6 • t^ffi^!*.^ 
*5-|±Tffll,iS«^lrfe, ;i©J:^{cmiflgBl 6 i:^2 

3 0 tcj^j^s ns?«s K ^ ><D*j[i!H^«^iei6]*« 



(18) 

[0186] 0 5 6 (3. mmmm^mnm(Dm nhms 
1 6 m:zsmmmmm+^m<D'^ 2 aas 3 2 e • $rts 
^-5n^ffl^j0cfBa*s«3 7 o^m^mizT^to 

[0 18 7] 0 5 diZTj^vtzmmmm^^^^ms 7 0 
2o©SjS1®«t€:#l, -?-n-?nw4'^tc{4B-r 
^<t-5{c*fi^«@3 2 2 ±\zmmm^ti^m-i-^i^<D'm2 

nTti-i)^iifigP3 1 6«. mmmmn\zwni i^n. m 

10 #gH||3 4 3*5J:i;*aEEIl3 4 4tr*fJtx-r*^J®lCta: 

i-fi^nxi^^o ms eiz^htz^oiz. e-Dcnmia^ 
16«. 2-Q(DiE*^T^JI^fiKr-5J;-5{cEB^nTi.^ 
^ttfec, 2ooiE^rt&i^©^n^'n©f'C^ir^2a 

^2 6* *^&«UT*30, ^(DZltJCtoT, 

[0 18 8] «i7t«. fe+SS«(^BH«) ft(0if§«?5|| 

:&^^mr^m^B^i'tjmf£mmam\zmm^i^r^m 

-So ^<Dmmmmi^^zf^2xmmbrz±x(DmFBm^ 
m^msotKtim) iz-tiomytm^mn^z. 

30 [0189] 

[01] *%B«{CJ:^SJgjg^. icDJS^gS^SMl 0 0 

® 1 ■D<D^mmm(Dmm^^^^mz^-rmx'$> 0 , 

40 (a) «±®0, (b) H (a) 'P(D1B-1B' mz 
«ofc»riS0T»S. 

[0 2] 1 (Dffi©?s^Ba5^SB 1 1 o<Dm^m, 
H0T'$.o. (a) (i«jE^saijDB#. (b) itm^ma 

^•r0T**. 

[0 3 ] mmmm 1 ©ffio?sss^se 1 2 0 1 o<d 

i^mm«cD^ig^1t^65t;:*-r0T-*O> (a) «±® 
0, (b) (a) +03B-3B' ^<crdo^c»rffl0 

50 [m4] mmm^i<Dm(om^m^^mi 3 o(Di-D<D 
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(b) « (a) 'f"«)4B-4B' mzY^^tcmmm 

[0 5 ] nmmm i ©fficDj^faS^gs 1 5 o © i 00 

^^«S«cD^ji<£MiC«)tC*-rglT-*D. (a) «±ffl 
0, (b) « (a) 4"®5B-5B' i^fC?tiofc»rffl0 

[116] 05 (b) tC^L/t»KSH3 0(C«)I^EPJDL 

Tabs, 

[07] (a) ~ (d) f^^B5^i^3 1 tcf^ffl-r?>S 

im 8 ] jsss^gfi 1 5 0 (D^^mmm-v$) 0 . 

(a) itm&mwinm. (b) ««jEEPipii# ("f^iiBm 

s, 

[0 9 ] m^B^Tiimm. 1 5 0 <Dmm±mt^ ^^.tzm^m^ 

^^3 l©iE(6]4^!ilS:^-r^^0T*O> (a) ««flE«l 

ma^m. (b) ««ffiEn*D«ffi^^T. 

[010] (a) ~ (c) t±. *l6?^(D?K^S*^glr 
ffluenSifigPl 6 tWPgPl 2 a t©SBSga^Sritt?g 

[011] ^mmm 1 iDmo^m^a^Tsimm 1 e 0 co 1 

®0, (b) « (a) tfroi 1 B- 1 1 B' ^tC59-Dfc 
[012] ffi^B^S^gm 160 (Dm^sM 3 0 tcmmsrEp 

[013] mymm i «ftii«MB^*^gs i ? o © i 

ffi0, (b) 13: (a) tfc^) 1 3 B- 1 3 B' HfCittofc 
[014] 013 (b) tC^LfcT^^agS oicm/i^En 
fc0T^S, 

[^15] m^^^^m. 1 7 0 (r>m^m 3 0 trtts^En 

JpLfclitc7)S1S±®*^e.^fciKS5i-^3 1 ©iB|S]t>iSI<£ 

^f^^0T$)-5. 

[016] mmmm 1 <Dm<Dm^^^mm 1 s 0 ® 1 ^ 
(Di^mmm(Dmm^m^wnz^'rm-c$>r). (a) tt± 

mm. (b) « (a) ffOl 6B-I 6B* Utittoi't 
»rffi0T*-5o 
[017] USSJgli 2 OMfflSiSSa^SB 2 0 0 i5 J: 

t/f 2 0 0 ' 01 rxDH&^mmoymm^^^mz^-rm-c 

^O, (a) «Mffl^?SrB«*SB2 0 OcD±B0« 

(b) «(i5ffl^jKSS^gB2 0 0 • O±®0, (c) 
« (a) JScttK (b) "t"©! 7 C- 1 7 C mizYi^-otc 

[018] *J6JgSI2®ffiOMfflS?KSS^gS2 1 0 



(19) 

<D 1 ■D<Dmmmi^<Dm7^^m^mz7fitmx'$) d , 

(a) tJ±ffi0, (b) t± (a) tfcDl 8 B- 1 8 B' 

[019] 2 «fl!l(DMfflSfS^BS*^« 220 

(D 1 -zxDi^mmmo^mT&^m^miZTfirmx'^) 0 . 

(a) «±ffi0, (b) « (a) 4'COI 9B- 1 9B' 

mzm-Drzmmmx$)^o 

[02 0] (a) «MfflS«crB«*g«2 1 0O±ffi 
0. (b) tt(S5fflSf«S«^g«2 2 O<D±®0T$. 

[02 1] (a) ~ (d) «. mmj^m2(Dm<^mmm 

SSS**SB2 4 0, 2 5 0. 2 6 043J;Z>'2 7 owl 
O©^^ffii«(D^^3i2r^^WtC^-r±B0T^S. 

[02 2] *ig?g^2®ft!l(DilfflS?iSffi^^g«2 8 0 
© 1 o©^*M«©^3t<&^^W{c^-r0T-S 0 . 

(a) «±ffl0, (b) It (a) 4'«)22B-22B' 
^tCl'aofc»fS0-e*S. 

[02 3] *J6J^I|2®flfi0MffiS^ffi*S^S«3 0 0 

20 [024] mmmm 2(Dm<Dmm i^j^fsS^gB 3 1 0 
CO 1 'D0)^mm^<Dmm^m^m\z^r±mmxib^o 
[025] mmmm^m^mm 31001 -:><Dmmmi^ 

©lfit^^^W{C^T0 2 3 4'©2 4A-2 4A' mz 
«ioit»rffi0T*S. 
[0261 HMJ^ai 2 OteOMffl^JKSS^SS 320 

(D 1 ■o<D^mmi$.(Dmm^m^miz^t±mmx$,^o 
[02 7] nsg}^^ 2 ©ffioi^ffl mm^Bm^mm 300 

(a) «±iS0. (b) «»rffi0T*S, 
30 [028] HJgJ^ffi 2 CDffiOMffl ^j^rB^^gS 300 

BO 1 ■D(Diikmmm.(DmT^^m^miz^tmx$>r). 

(a) tt±ffi0. (b) tt8fiiS0-e*'5o 

■ m2 91 mmmm 2 <Di&<Dmmmm^Bm^mm 3 0 0 
c (D 1 -DCDf^mmmoimm^m^ffjizTf^tmx'^) 0 . 

(a) tt±ffi0. (b) «S(f®0TSS. 

[03 0] mMm9k2<Dm<Dmmmm^^^mm3 0 0 
D<Di-D<Diikmmm<Dmm^m^mz^-rmx$)r>. 
(a) tt±ffi0. (b) \mmmx&^o 

[03 1] i!^fflMfgc^S^SB3 0 0 D<Dm^m3 3 0 

40 izmf£^m\ii.tz.m(Dm^^^ 3 1 (DWif^^m^ifk-tm 

iC0TSS. 

[03 2] llffiJgai2cDft60MfflS?S^B«^i^Se3 0 0 

E(Di;o(Dmmmm.(Dmm^^^^miz7^tmx$>io. 

(a) «±ffi0. (b) tt8FtS0T-*-5, 

[03 3] mmMm^2<Dm<Dmmmm^m^mm3 o o 
Fo 1 •o(D^mm^(Dmm^m^mz7F:-rmx'$>r), 
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L <D 1 OOi^*«*S©<||3i^^iC&?Jt'*-r0T* 15 , 
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(a) «±ffi0. (b) itm^mx'$)^o 

[04 1] *%BJl'J;Sj«a**eMtCfflt.^f,n^teCD 
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(b) «±B0. (c) « (a) *3J;U: (b) 4'©4 1 
C-4 1C* i^tC»r)fc»fii0T'**, 

. [04 2] S'fffiJ^^/5^*lll§RJ^T*?)ifbg|$<&ffix.fc?i^fB« 

[04 3] dIig|5©|grjiiJg!K*^llSRJgT*?)«^*3j;i;i£b 
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mmp]m(Dihmmif^nxi^^m'^^^t±mm. 
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BS+?:}K©d]igB*«ISlt^.nTtiS«^*^i-±B0Ta& 
[04 6] (a) (b) it. :^^miz^^m^Bm 
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■r0T'*»3, (a) \mmmm^Bmm^n2 9 0 a(D± 
mm. ( b ) itmmmm^^^^m. 290b ©±ffi0T 

[048] mmmm 2 ®ffioi^fflgyj«sa^ga 290 

c*J;t^290d©l •D(Dmm^^<omm=S:m^^iZ7^ 

-rSTfeO. (a) «ni5fflSy?^^Ba^SB2 9 0 c W± 
ffi0. (b) «P^fflSi8tS«^Sfi2 9 0 d©±ffi0T- 
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« 1 'D(D^mmi^(Dmm>^m^m\z^-r±mmx$>^. 
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<Di-z>(Dmmm^<Dmm^m^miz^-r±mmx;^^o 
[05 3] pfflgyj^ss^gg 3 5 0 <D 1 -Do^ti^mmi^ 

20 cr)«ii<£^iCW{C*r»ffi0T-*O. (a)tt05 24^ 
©5 3 A- 5 3 A' S^{C»oAcWf®0. (b) «0 5 2 

[054] m^mm 2 cDffioMffl§«?^ss^ss 3 e 0 
<D 1 ■::>(Diikmmi^(Dmm^m^mz^-r±mmx'$>^o 
[0 5 5 ]■ :^^mz^^m(Dmmmt&(Dm^m^mm 1 

9 0 ® 1 O(Di^m«l*O«|ji$:^SC«ltC*-r0T-* D . 
(a) «±®0, (b) « (a) "41(05 5 6-5 5 3' 

mizY^^rzmmmx$>^o 

[05 6] *»?«tJ;*ffiO*SgJ^SIOMfflMiSS«* 
30 g« 3 7 0 (0 1 t)©i^^ffii^(D«3S5MiC«l{C*-r±ffi 
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